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Aeasurement of Switching Transistor Parameters 
aturating and Current Clamped High Frequency Pulse Circuits 
,emiconductor Diode Switching Characteristics, | 


\ New Technique For Computer Switching 


Giant crystal puller grows, casts 
10-inch silicon crystals at TI 


Silicon crystal chalice, produced by combining grow- 
ing and casting techniques, illustrates capabilities 
of TI giant crystal puller that grows 10-in. silicon 
crystals and casts %4-in. plates to 12-in. diameters. 


germanium and silicon transistors 
silicon diodes and rectifiers 

tant icap solid tantalum capacitors 
precision carbon film resistors 
sens/stor silicon resistors 

IR and solar celis 


Anticipating and keeping pace with advanced infrared materials 
requirements, TI engineers designed and built a giant crystal 
puller capable of growing semiconductor crystals to 10-inch diam- 
eters. Designed for engineering and development studies, it can 
grow a wide variety of crystal configurations, and add further 
variations to the TI developed cast silicon dome process. The 
latter method economically casts silicon domes such as those used 
on infrared guided missiles. This casting of thin silicon shells 
instead of growing entire crystals substantially reduces material 
costs and saves considerable grinding and polishing time. Com: 
binations of the growing and casting techniques can be used 


advantageously to produce many unusual results such as the 
chalice shown at left. 


Only advanced facilities can produce advanced components 


The scope of semiconductor technology at Texas Instruments 
ranges from the refinement of ultra-pure raw materials througt 
the manufacture of transistors, diodes, rectifiers, infrared detec. 
tor cells, solar cells, and other infrared optical materials... ¢ 
completely integrated facility to bring you electronic component: 
of the highest known standards of quality and reliability. 


TEXAS 1 INSTRUMENT 


INCORPORATE C 
4 SEMICONDUCTOR-COMPONENTS DIVISIOI 
DALLAS, TEXAS 
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transistors 
diodes 
rectifiers — 
capacitors 
resistors — 


Complete lines at factory prices 
Mail this postage-paid card today for full information 


FIRST CLASS 
PERMIT NO. 18118 


NEW YORK, N. Y. 


136 Liberty Street, New York 6, N. Y. 


Gentlemen: 


| am interested in the following semi-conductors and components. 


TRADEMARK OF SERVICE TO 
THE ELECTRONIC INDUSTRY... 


Leading Distributor of Product 

Proven Semiconductors and 

Complete Lines of Electronic 
Components 


TWX—NY 1-4013 FAX—FOF 


Enterprise numbers in leading Industrial areas. 


SN 


SS = : SS SSS SS Ss 
erty Street, New York City6 REctor 2-440 


SPECIFICATIONS: Mail postage-paid card below 


Please rush complete information. 


Name___ 
Title_ 


Company 
Address 
City 


Zone 
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Measuring resistivity with digital voltmeter 
at Merck Control Laboratory, Danville, Pa. 


*MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone refined single 
crystals of high quality at low costs. Yields of usable material are reported 
to be especially high when device diffusion techniques are used with these 
crystals. Float zone single crystals doped either “p”’ or ‘‘n’”’ type with 
resistivities from 0.1 to 300 ohm cm. any range plus or minus 25% with 
high lifetimes, available in diameters of 19 to 21 mm., and random lengths 
of 2 to 10 inches. 


NOTE: Doped single crystals float zone refined in other diameters, resistivities, or life- 
times not listed above can be furnished as specials. 


MERCK HIGH RESISTIVITY ‘‘P” TYPE SINGLE CRYSTAL SILICON—offers float zone 
refined single crystals of a quality unobtainable by other methods. Avail- 
able with minimum resistivity of 1000 ohm em. “‘p” type and a minimum 
lifetime of 200 microseconds, diameter 19 to 21 mm., random lengths 
2 to 10 inches. 


MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in quartz, 
so that no contamination from this source is possible. Merck guarantees 
that single erystals drawn from these billets will yield resistivities over 


50 ohm em. for ‘“‘n” type material and over 100 ohm em. for ‘“‘p”’ type ma- 
terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS—are ready for zone melting as received ... 
are ideal for users with float zone melting equipment. Merck polycrystal- 
line rods are available in lengths of 814 to 101% inches and in diameters of 
18 to 20 mm. Smaller diameters can be furnished on special order. In float 
zone refining one can obtain from this material single crystals with a mini- 
mum resistivity of 1000 ohm em. ‘‘p’”’ type with minimum lifetime of 200 
microseconds or the material can be doped by user to his specifications, 


*NOTE: Extended resistivity range. Merk k cole 


For additional information on specific 
applications and processes, write Merck & Co., Inc., 
Electronic Chemicals Division, Department 


BASE BORON CONTENT SP-26, Rahway, New Jersey. 
BELOW ONE ATOM OF BORON PER 
SIX BILLION SILICON ATOMS Electronic Chemicals Division 


MERCK &CO_ Inc. - ranway, n.u- 
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"WHAT IS THE RECORD BEHIND 


_ HOFFMAN TRANSISTORS? 

1 mi MORE EXPERIENCE IN SILICON 
TECHNOLOGY. 
For seven years—practically the full 
Span of semiconductor history— 
Hoffman Semiconductor Division has 
worked exclusively with silicon 
devices. Company achievements in- 
clude ee world’s first a dees on 


pany has produced 0 over r five million 
diffused-junction devices_more 
than any other company in the elec- 
_ tronics industry. 

3 m NEW CONCEPT IN QUALITY 
CONTROL. 


Hoffman has developed a com- 
pletely new quality assurance and 
quality control concept which will 
enable the company to ship devices 

at meet the most stringent mili- 


tary and commercial requi om 
4@ RELIABILITY paenet BY NUM 
BERS 


conductor devices 
5 m A FACILITY DESI 


the development, produ 
testing of Mansur | 


> width is rosiucad to aly one 
‘on by precisely controlled lap- 
nd diffusion techniques to 
ni ndling capability. 
these transistors — 
are polished under optical control 
with an accuracy of 4x 10-6 inch. 


NG 
' 69 } AND 2NG97 
PN DIFFUSED-JUNCTION DRIFT- FIELD. 
SILICON MESA TRANSISTORS — 


offers control ‘accuracy 0 
and frequency hareon 
‘rent gains at 40mc have 
caunaiiaite than mechanical fabricati 
niform characteristics. Stability, too, — 
every transistor at 300°C and seals it hermetically in an inert-gas atmosphere. 
_ Awide range of useful current gain and operating frequencies makes these units 
_ ideal for computer, radar and many other applications. You can count on them 
_ in your most mportant circuit. Reliability is built into every unit. 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Vepo Collector-to-hase voltage 60V 
Total dissipation at case temperature °C QW 
Storage temperature range —65°C to 175°C 


ELECTRICAL CHARACTERISTICS (25°C) 


YMBOL CHARACTERISTIC MIN. MAX. 
20 ~=—«60 i= 150ma V,==10V 


TEST CONDITIONS 


¢ _ D.C. pulse current gain ec 

(2N697) 40 120 1,—150ma V,—10V 
“Voe (Sat) Base saturation voltage & 1.3V 1, —150ma_ I,==15ma 
Vee (sat) Collector saturation voltage 15V 1,=150ma |, = 15a 
Nee Small signal current gain at f— 20me 6 —=50ma 


Co Collector capacitance 
Collector cutoff current 


leso 
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One of many assembly lines of skilled 
operators employing AO CYCLOPTIC 
Stereoscopic Microscopes to assemble ad- 
vanced germanium computer transistors 
at Texas Instruments vast Semiconductor 
—Components division in Dallas, Texas. 


BUSINESS STAFF : 
David Saltman, General Mar. 
H. Turok, Controller 


Here’s how Texas Instruments 
ADVERTISING SALES 


mass produces precision transistors | | & MIDWEST 


af e Richard A. Cowan, 

with AO’s CYCLOPTIC Microscope Jack N. Schneider, 
300 West 43rd Street, 
New York 36, N. Y. 


cn . z ‘ 4 A JUdson 2-4460 
Precision assembly of minute components for transistor production offers no 


problem to the skilled workers at Texas Instruments. Using the AO CYCLOPTIC 


Stereoscopic Microscope, material that is practically invisible to the eye assumes WEST COAST 
accurately magnified proportions...the entire assembly operation is observed in Ted E. Schell, 
crisp, erect, three-dimensional detail. 2700 West 3rd Street, 
Bright, shadowless lighting is beamed deep inside the small unit apertures me inte Calif. 
with AO’s exclusive Vertical Illuminator attachment. The instrument's remarkable 
long working distance assures the operator of complete freedom of moyementand Charles W. Hoefer, 
: 1664 Emerson Street, 
affords ample room to accommodate larger objects and assembly tools. Palg Alios Cant 
With the instrument body inclined at a 30° angle, the operator can work in a DAvenport 4-266] 


natural, more comfortable position. 
When manufacturing small precision assemblies ...many progressive com- 


panies such as TI, depend upon the AO CYCLOPTIC to render the unit in visual CIRCULATION 
“working size” dimensions. Harold Weisner 
If you have a particular production situation that 3-D magnification would Circulation Director 
help, why not discuss it with a capable AO Sales Representative. He can recom- Clinton Ide 
mend the AO CYCLOPTIC Stereoscopic Microscope that will certainly solve Circulation Mar. 


your individual problem. There is no obligation, of course. Rose Mercurio 


Ass‘t Circulation Mgr. 


SEMICONDUCTOR PRODUCTS is published monthly by 
Cowan Publishing Corp. Executive and Editorial Of- 
fices: 300 West 43rd Street, New York 36, N. Y. Tele- 


strate the AO CYCLOPTIC Microscope. phone: JUdson 2-4460. Subscription price: $6.00 for 
12 issues in the United States, U. S. Possessions, APO, 


C1] Please send AO CYCLOPTIC Brochure SB56. FPO, Canada and Mexico, $8:00 for 12 iacuce: AN 


Dept: B266 | 
| 
| 
n ’ n Ae NAME eee | others: 12 issues $10.00. Single Copy 75¢. Accepted 
] pa bi mess So eo as controlled circulation publication at Bristol, Conn. 
| 


[) Please have AO Sales Representative demon- 


American Optical 
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INSTRUMENT DIVISION, BUFFALO”15;. NEW YORK 


‘Now...PHILGO offers the only commercially 
‘available fully-tested mixer diode in the 


is 
75 100 KMC/SEC. 


for Long-Range Space Communications 
ind High Resolution Radar Applications 


just de-classified! A proven mixer diode that, for 
the first time, makes useful the 70 KMC high fre- 
suency band of the spectrum! Previously, the high- 
ist useful frequency was 35 KMC. The 1N2792 
fs; a reversible crystal designed for optimum low- 
soise performance. The crystal is of integral wave- 
juide construction with the diode mounted in a 
lection of RG-98/U waveguide. It is hermetically 
lealed for resistance to moisture. 

_ It is primarily designed for high resolution radar 
ipplications and for long-range high altitude or 
pace communications... atmospheric absorption 
revents jamming from the ground. The Philco 
'N2792 is also well suited for EHF video detector 
pplications. 

Phileo design and application facilities are at 
‘our disposal in developing millimeter diodes to 
aeet your specific requirements. For complete in- 
ormation, write Special Components Dept. SC-260 


MEMMEKOCUCNOVY isiiiyie vias oo wif dele asks .e «016 0 «0's 69,750mc 
TYP MAX. 
Boise Ratio, NRO.......-...6s00e. 2.0 2.5 times 
BEV OTSOM LOSS) LCs o.oo, die olere «0 0 0.0 8.4 10 db 
F Impedance, VSWR............. loo 2.0 times 
srystal noise figure, NF............ 11.5 13 db 


PHILCO. 


LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 
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for immediate delivery of 


GENERAL 
INSTRUMENT 


semiconductors 
at factory prices 


call your authorized 


stocking distributor 
4 


CALIFORNIA 

Electronic Supply Corp. 
Pasadena 

Newark Electric Company 
Inglewood 

Pacific Wholesale Co. 
San Francisco 

Shanks & Wright, Inc. 
San Diego | 

Valley Electronic Supply Co. 
Burbank 


CONNECTICUT : 

Sun Radio & Electronics Co., Inc. 
Stamford — 

The Bond Radio Supply, Inc. 
Waterbury 


FLORIDA 

Electronic Supply ‘ 
Melbourne; branches in 
Miami, Orlando, St. Petersburg 


ILLINOIS 

Merquip Company 
Chicago 

Newark Electric Co. 
Chicago 


INDIANA 

Brown Electronics, Inc. 
Fort Wayne 

Graham Electronics Supply, Inc. 
Indianapolis 


MARYLAND 
Radio Electric Service Co. 
Baltimore 


MASSACHUSETTS 
The Greene-Shaw Co., Inc. 
Newton 


NEW YORK 

Delburn Electronics, Inc. 
New York City 

Hudson Radio & Television Corp. 
New York City 

Sun Radio & Electronics Co., Inc. 
New York City 


OHIO 

Buckeye Electronics Distributors 
Columbus 

The Mytronic Co. 
Cincinnati 

Pioneer Electronic Supply Co. 
Cleveland 


OKLAHOMA 
Oil Capitol Electronics 
Tulsa 


PENNSYLVANIA 

D & H Distributing Co. 
Harrisburg 

Herbach & Rademan, Inc. 
Philadelphia 


TEXAS 
Scooter’s Radio & Supply Co. 
Fort Worth 


WASHINGTON 
Seattle Radio Supply Co. 
Seattle 


WISCONSIN 
Radio Parts Co., Inc. 
Milwaukee 


; genet Distributor Division 
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Hn) CORPORATION 


240 Wythe Avenue 
Brooklyn 11, N.Y. 


SEMICONDUCTOR 


PRODUCTS 


SANFORD R. COWAN, Publisher 


February 1960 Vol. 3 No. 


CONTENTS 


Editorial «fou. wide eters 0% ae © olete eee pe pews edo ae anne eo 23 


Semiconductor Diode Switching Characteristics, 
by J:.R.. Madigan and W. Macdonald «i200 4 2 s20 nae eee 29 


Erregted 5 a.) 5, see's coo 8 ty opale tbenecacatans. 1a asllel sReteme tie) aia iene ee 34 


Comparative Performance of Saturating and Current-Clamped 
High Frequency Pulse Circuits, 
 by-V. P: Mathis, H. Raillard’ond J. J.Surans.: #205... ee eee 35 


A New Technique For Computer Switching, 
by Carl M..Campbell, Jr: 2a i. .aoes «em 4 eee ee 40 


Measurement of Switching Transistor Parameters, 


by -R.-C: Johnston and:R..L, Burke’... aos os eee aint See 43 
Constant Current Testing, by Walter H. Buchsbaum ............. 47 
Molecular Electronics Function Blocks .................00-. 49 
Semiconductor and Solid-State Bibliography ................ 51 
Patent Review ... ... «i. 05 ees Lente CRE ee 54 
Characteristics Charts of New Diodes and Rectifiers ........... 56 
Departments 

Book Reviews: ...'. 0°. Mahe oh eet ee Oe 14 
Personnel: Notes. .. 5.4.25 .< «hsicaeeasaees one ea ene 24 
New Products. ..... . . sisdscileve the ible etLty cnr awe rr 59 
Inclustrys News... .. ¢ 1. «sss eRe s neien © eneet 62 
Marketi News: .. ois’ ée-ssle 2.00 re an nore hn eee cae 64 
New! Literature 0.0.2 ace 68 
Advertisers” Index”... ......2..0 <a e eee 72 


Front Cover 


Mlustrated is the letter “M” displayed on the screen of 
electronic infrared imaging system developed by select aree 
Philco Corporation’s Research Division. The infrared image of a 
given field of view is focussed into a scanning tube which dissects 
the image. After passing through the scanning tube, the radiation 
is refocussed onto a separate InSb infrared detector The tube 
face is a semiconductor window. 
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. Depend on the best from GEN ERAL INSTRUMENT 
/ 


= 


VOLTAGE 
REGULATOR 


. 

| 

| 

Low zener impedance 

| Low reverse leakage up to the point 
of breakdown . 

PLUS the highest degree of reliability — 1N1598 

proved by controlled life tests ——r—™ 

and outstanding performance 
| in actual circuitry. 


Hermetically sealed, ruggedly constructed and small in size and weight, 
General Instrument voltage regulator diodes are produced in volume quan- 
tities under rigid quality control. Their excellence is recognized by leading 
manufacturers and they are specified in an increasingly wide variety of 
circuits now in production. The types listed here are just a sampling of 
the complete line. Detailed technical information is available upon request. 


Semiconductor Division 


65 Gouverneur Street, Newark 4, N. J. 
Midwest office: 5249 West Diversey Ave., Chicago 39 
Western office: 11982 Wilshire Blvd., Los Angeles 25 


& “ 
GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES-OIVISION. AUTOMATIC MANUFACTURING DIVISION, SEMI- 
CONDUCTOR DIVISION. RADIO RECEPTOR COMPANY. INC.. THE HARRIS TRANSDUCER CORPORATION. MICAMOLD ELEC- 
TRONICS MANUFACTURING CORPORATION AND GENERAL INSTRUMENT F. W. SICKLES OF CANADA LTD. i SUBSIDIARIES: 
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How do you measure the quality 


of a semiconductor preform 


“Spot a burr on a disc .032” in diameter. Hold a tolerance to 1/10,000 of an inch. 
Maintain a purity of 99-999%," says Hamburg Tang of Alloys Unlimited. 


Pellets * Discs + Spheres * Dots + Rings +. Washers + Special Shapes + Solder Preforms 
Ribbon * Sheet + Foil - Bar+ Wire - Clad Metals 


arkable example of perfectionism can be found 
sys Unlimited’s p and n type semiconductor pre- 
epartment. 
rolling mills, for example, used to produce foil, 
e able to hold a tolerance of 1/10,000” and better. 
ing mill heads are made of high grade stainless 
ground with diamond abrasives, to a mirror 
finish. Ordinary heads are never used. They 
> embedded with impurities and could contami- 
e melt. 
particular alloys with known contaminating ef- 
eparate roll sets are used exclusively. 
DESIGNED FOR YOUR EXCLUSIVE USE 
ducing dies, a team of craftsmen use the same 
f precision machinery employed by world fa- 
imepiece manufacturers. 
e a die is produced, an alloy serial number is 


assigned. The die is then isolated and used only for 
your particular alloy; checks cross contamination. 
2 CLEANING TECHNIQUES 

To assure preforin purity Alloys Unlimited uses vapor 
degreasing and ultrasonic cleaning techniques. Any- 
thing less would not fully remove surface contamina 
tion and insure preform purity. 

THE MOST IMPORTANT TEST 
Of course, the final test of a preform’s quality is its 
performance in your semiconductor. Giants of the 
semiconductor industry have tried and tested Alloys 
Unlimited’s products. Continued reorders indicate 
complete satisfaction. 

If you, too, want to take every precaution to make 
your semiconductors perform as designed, use the prod- 
ucts of Alloys Unlimited. We think you'll be pleased 
with the results. Write for complete information. 
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21-01 43rd Ave., Long Island City 1, N.Y. 
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Optically as far as the first obstruction. For some, the same applies to mental vision. By 
seeing beyond the apparent obstacles, established theories or accepted principles, Fairchild 
Semiconductor Corporation has been able to achieve spectacular product innovations in 
transistors. Because of this faculty, the company has grown from an original nucleus of 
eight scientists to a complement of more than fourteen hundred in little more than two years, 


From continuing research and development work through engineering, tooling, manufac- 
turing and testing of products on the line, the success of Fairchild is built on the abilities 
of its men to see around the obstacles and move beyond. It has resulted in Products more 
advanced than any others of their type and in a solid reputation for quality workmanship. 


In a rapidly growing company with many challenging programs (e.g. current work on Esaki 
diodes and micro-logic Circuits), there is a constant need for men who can see beyond the 


first obstacles. If yours is a relevant background and you find our approach attractive, we 
would like very much to hear from you. 


FAIRCHILD 


SEMICONDUCTOR CORPORATION 
Ma 


545 WHISMAN ROAD / MOUNTAIN VIEW, CALIFORNIA / YORKSHIRE 8-8161 


| THE INDUSTRY’S FIRST CHOICE 


*Reg. T.M.— The 
DoALL Company. 
Microtom-atic is taken 
from the word microtome, 
defined by Webster as 
“An instrument for cut- 
ting sections.” 


for ultra-precision 

slicing and dicing 

of semiconductor 
materials 


oday more than 60% of all transistor elements are 
tbeing cut on Microtom-atic machines. This indus- 
ry-wide preference was won through sheer perfor- 
nance — dependable accuracy, high production 
ates, and trouble-free, continuous-duty operation. 


ow the new Microtom-atic MTA-7 brings even 
eater accuracy and increased production at lower 
ost. Unique cross-feed mechanism co-ordinates 
mechanical and hydraulic movements to achieve 
tra-precision indexing. Fracture-free cutting of 
extremely thin wafers with excellent parallelism 
is no problem on the MTA-7. Simple, accurate 
controls expedite setup with minimum waste and 
then the MTA-7 automatically repeats the index- i 
ing and cutting cycle until the crystal is com- J aroo sili . 

pletely sliced. On ee MTALT Waters G00" thick 


he new MTA-7 is extremely rigid throughout 2° being cut at 18q. in. per min. with 
ith heavy base, saddle, table al ene con- parellelion Dee eee 
struction. Long life and continued accuracy are 

assured through generous bearing areas, hand-scraped ways and posi- 
tive, automatic lubrication of all contact areas and lead screws. 


If your work involves slicing of hard, brittle and shock-sensitive materials, 
DoALL can help you. Call your local DoALL Sales-Service Store and 
discuss your problem. A corps of specialists and the DoALL .Demon- 
stration Test-Center are at your disposal. 


Model MTA-7 provides index stroke 
from 0 to .100” per index with posi- 


tive table rates as low as 1%" per 
minute. Other models available. 


DoALL diamond slicing wheels are 
produced by an exclusive process 
that insures positive rim bond to the 
core. These wheels deliver extreme 
accuracy ...save time and materials, 


The Dé6ALL Company, Des Plaines, Illinois 


Coll Your D&BLL Service-Store 


Oss 
= hey /7 


Surtece Grinders Power Sows ‘ 
MEASURING SHOP SUPPLIES 
MACHINE TOOLS ccccoccccceecee CUTTING TOOLS coscesescssenes INSTRUMENTS sesceseseeceIN STOCK ‘ 
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THIS ISA 
TYPICAL DoALL STORE 


Assay um Lis 
Maximum Limits 
Fluosilicie Acid 


—o 


per 


(HoSiF 6) 
Residue after Ig 


Chioride (Cl) 
Phosphate (I PO.) - 
Sulfate (SO. Lan 
Sulfite (SO3) +>? _. ee : 

_ Arsenic (ps) _ 

Heavy Metals s (a5 

ton (Fe)... 

Boron (B) oe 

_ Copper (Cu) - oO 


Check these stringent specifications 
* Now added for the first time 


BAKER & ADAMSON® ANNOUNCES 


HIGHEST PURITY YET 
FOR “ELECTRONIC GRADE” HF 


For years, Baker & Adamson’s “Elec- 
tronic Grade” Hydrofluoric Acid has 
been the purest available. Now, to 
serve electronic requirements even 
better, this high purity has been still 
further improved. 


Utilizing the most advanced pro- 
duction techniques and quality con- 
trol methods, B&A is now making its 
“Electronic Grade” HF Acid to meet 
stringent new specifications in which 
impurities are held to the lowest lev- 
els ever attained. In addition, maxi- 
mum limits for boron and lead have 
been established and are included for 


BAKER & ADAMSON?” 


“Electronic Grade’”’ Chemicals., 


12 


the first time... 
ther control of impurities. Result: 
B&A “Electronic Grade” Hydro- 
fluoric Acid offers greater reliability 
in critical etching operations . . 
helps reduce rejects and improves 
quality control in the production of 
semiconductors. 


enabling still fur- 


These new ultra pure specifications 
for “Electronic Grade’ HF point up 
Baker & Adamson’s continued lead- 
ership in supplying high purity pro- 
duction chemicals for the electronic 
industry. B&A 
Hydrofluoric Acid is available in 1 lb. 


lied 


hemical 
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“Electronic Grade” 


plastic bottle, 10 lb. returnable plastic 
jug, 10 lb. nonreturnable polyethylene 
bottle, and 6% gal. polyethylene car- 
boy. Remember .. . for the finest in 
electronic chemicals—specify B&A! 


Quality specifications have also been 
improved for B&A Reagent Hydrofluoric 
Acid, 48% A.C.S. The new reagent 


grade promises greater reliability in 


research ... fewer variables in labora- 
tory control work ... better analytical 
control . .. more reproducible results. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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...in a high-current silicon switching diode. The 1N920- 
1N923 series is the latest result of Sperry Semiconductor's 
unique developments for the computer field. 

The most advanced addition to the industry’s most com- 
plete line of high conduction fast recovery diodes, this series 
meets the severe requirements of high current pulse cir- 
cuits for high speed computer switching, pulse clamping, 
gating, blocking, and diode logic circuits. 

Designed for high temperature operation (to 175° C), the 
1N920 series features high forward conductance (500mA 
at 1.0V.) and low leakage (50yA at 150° C). Peak dissipa- 
tion is 800 mw. 

All units feature a maximum recovery time of 0.3 micro- 
seconds to return to 10K ohms when switched from a for- 
ward current 2 microsecond pulse of 500mA to a reverse 
voitage of —50 volts (—30 V for 1N920), with a loop imped- 
ance of 1K ohms. Faster switching speeds are obtained 
at lower currents. 

: TENTATIVE DATA 
Max. Min. 


& Working Max. Forward ; Ke 
oy inv. DC Voltage Drop Inverse viper cleo Recovery | 
_ jype y it +t 25°C Current Voltage a ihe 
(Volts) a) C VE nag phy psec. 
i BG “ Zoe 150 2 PN A 
: AN920 36 1O6at500mA .25 50@ 30V, 40 0,3 
¢ IN921 70 1.0 at500mA .25 50@ 60V. 80 0.3 
IN922 100 10 at500mA .25 50@ 90V. 120 0.3 { 
£ 1N923 130 1.0at500mA .25 50 @ 120V. 150 oa 


i 
- *Refer to Sperry Bulletin No, 2103 a 


ie 


Fastest 


recovery 
yet... 


500 mA PULSE 2uS SWITCHED TO—50 VOLTS 


ZoAMPERE 


SPS GaltAGL SiA Mo Pies OLE esr 


Order a sample lot for your own application at 
the special price of only $50 for a lot of 10 1N921 
diodes, Direct your order to the So. Norwalk plant 
or the nearest Sperry sales office as listed below. 


SPERRY SEMICONDUCTOR DIVISION, SPERRY RAND CORPORATION, SOUTH NORWALK, CONN. 
Call or write: Sperry Semiconductor, Wi/son Avenue, SOUTH NORWALK, Conn., VO/unteer 6-16 41; 


in NEW YORK PLaza 2-0885;/3555 W. Peterson Ave., CHICAGO 45, //I., KEystone 9-1776; 


2200 East Imperial Highway, EL SEGUNDO, Cal/f., ORegon 8-6226. 
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For research and more accurate 
production of hyperpure matert- 
als for semi-conductors—the new 
Lindberg Floating Zone Scanner 


This newly developed Floating Zone Scanner is a product 
of Lindberg’s technical staff, widely recognized for many 
significant developments in the application of heat to 
industry. Expertly designed, it provides more accurate 
and more precise production of semi-conductors as well 
as serving as ideal research equipment. Already, a num- 
ber of important companies in the semi-conductor field 
are using this equipment for research and production. 
Lindberg Induction Heating Units have been specifically 
designed for use as research and production equipment 
for crystal growing and zone refining of semi-conductors 
and other materials. Write for our Bulletin No. 1600. 


High Frequency Division 


LINDBERG ENGINEERING COMPANY 
2489 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 


LINOBERG heat for Industry 


BOOK 
REVIEWS... 


TITLE: Proceedings of the Symposium on 
Microminiaturization of Electronic As- 
semblies 


AUTHOR: Edited by E. F. Horsey and 
L. D. Shergolis 


PUBLISHER: Hayden Book Company 
1959 


The Proceedings of the Symposium on 
Microminiaturization of Electronic As- 
semblies is a collection of twenty-five of 
the papers presented at the 1958 meeting 
held at the Diamond Ordnance Fuze 
Laboratories of the National Bureau of 
Standards. 

The material is carefully divided into 
six sections, five of which present papers 
by experts on various phases of sub- 
miniaturization. The first section entitled 
“Techniques” covers various aspects of 
the processes involved in subminiaturiza- 
tion. Fine-line etched wiring, resistor and 
capacitor film development and vacuum 


— 


evaporation are but a few of the proc- — 


esses described. Chapter IV is an in- 
teresting discussion of interconnection of 


the various microminiature subassemblies — 


followed by a survey of equipment that 
can be adopted to produce these units. 
Section 2, which is simply titled “Semi- 
conductors” presents three papers deal- 
ing with the direct incorporation of the 
transistor element less its casing, into 
circuitry. Various problems that occur as 
a result of the direct sealing of the 
transistor are covered in the first paper 
by Stinchfield and Meyer. Actual pack- 
aging technology and methods, together 


with a paper on the use of these modules ~ 


in the Army program, complete this sec- 
tion. 

The most useful sections of this book 
may be found in Sections 3 and 4 dealing 
with components and circuits respec- 
tively. A wealth of material is presented 
on the development of specialty com- 
ponents. Of particular interest are the 
treatments of the miniature antennas and 
miniature microwave magnetrons. The 
chapters on circuitry are equally en- 
lightening. Standard transistor circuits 
offering advantages in component size 
economy are considered and a very use- 
ful survey of circuit configurations shows 
how to eliminate bulky components ordi- 
narily required for low frequency audio 
applications. 

The book concludes with Sections 5 and 
6 detailing many of the miniature as- 
semblies as used on various missile sys- 
tems together with a survey of recent 
progress made outside the military elec- 
tronics field. 

The Proceedings of the Symposium on 
Microminiaturization is a very useful 
book. The techniques described are in 
most cases readily adaptable to com- 
mercial manufacturing. The many photo- 
graphs clarify the material and add 
greatly to the concept of scale-size of the 
microminiature assemblies. The book is 
well compiled and carefully edited, pro- 
viding a comprehensive up-to-date review 
of the microminiaturization field. 
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TLE: Encyclopedic Dictionary of Elec- 
mics and Nuclear Engineering 


| 
4: 
: 


JTHOR: Robert I. Sarbacher Sc.D. 


= 
JBLISHER: Prentice-Hall, Englewood 


jThe Encyclopedic Dictionary of Elec- 
gnics and Nuclear Engineering is a mas- 
ve 1,417 page reference book offering 
icid, clear and thorough descriptions of 
tactically every modern electronic or 
nelear term. 

e inherent value of a book of this 
‘pe lies in the understandability and 
»tness of the descriptions. In this respect 
r. Sarbacher has done an excellent job. 
typical example of this may be found 
considering the term ‘“Amplifier.” 
y twenty-three pages of description 
e needed to consider all possible types, 
yom the various classes to individual 
pes such as servo, combining and float- 
g paraphase. Illustrations are many and 
ic mathematics are used, whenever 
fecessary, to illustrate a point. 

‘The material given under “Transistors” 
another example of the type of pres- 
ntation to be found. Here the equations 
or the three basic configurations are 
liven, for the exact case and two approx- 
mations. In addition a multitude of in- 
brmation, from basic physics to meas- 
ement of parameters is covered. The 
fefinitions are clear and the level of 
scussion is that of a textbook. 

The Encyclopedic Dictionary of Elec- 
onics and Nuclear Engineering is a 
eritable gold-mine of information for 
e engineer, technician or student. The 
ook is thorough, well written and accu- 
sate and may be considered to be a funda- 
ental reference work. 


' : Progress in Semiconductors Vol- 
e 3 


UTHORS: A. F. Gibson, P. Aigrain, R. 
2. Burgess 


>UBLISHER: John Wiley, New York 


Progress in Semiconductors is a very 
seful compilation of various papers on 
pecific subjects digested and grouped by 
opics. 

A book of this nature is very useful to 
e busy engineer since a great deal of 
ime-consuming research work has been 
done in the preparation of the various 
hapters. A typical example of the pres- 
entation may be found in the chapter 
on Silicon Junction Diodes. Here in thirty 
me pages, the reader is brought up to 
date with the latest concepts and tech- 
niques concerning the diode. Theoretical 
behavior is well covered with a review 
of the basic drift current equations. This 
s followed by production methods and 
construction and characteristics of typi- 
eal diodes, concluding with a section on 
uses of the device. The material is a 
compilation of some twenty papers which 
are listed and footnoted throughout the 
discussion. 

_ Many other topics are treated in a 
similar manner. Chemical Purification of 
Germanium and Silicon, Lifetime of Ex- 
cess Carriers in Semiconductors, Scatter- 
ing and Drift, Mobility of Carriers in 
Germanium are but a few of the section 
headings. 

Volume 3 of this annual series is a high- 
ly desirable addition to the library of the 
semiconductor specialist since it presents 
much information not immediately avail- 
able in any one paper. 

: By Stephen E. Lipsky 


For basic research, pilot plant 
studies and the more efficient pro- 
duction of semi-conductors—new 
Lindberg Diffusion Furnaces 


Here is a new Lindberg Furnace designed specifically for 
basic research, pilot plant work, or production of solid 
state devices. It is offered in a variety of sizes and capaci- 
ties to enable industries in the semi-conductor field to 
have higher powered equipment adequately insulated and 
designed for its specific use. With this type of furnace 
available, it is not necessary for industry to attempt to 
adapt ordinary furnaces to the highly specialized require- 
ments of the semi-conductor field. For complete informa- 
tion on Lindberg’s standard line of furnaces specifically 
designed for gaseous and solid diffusion uses write for our 
Bulletin No. T-1081. 


Pilot Plant Equipment Division 


LINDBERG ENGINEERING COMPANY 
2489 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 


LINOBERG heat for industry 
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we can supply 
single crystal 
germanium 

in any 
production 
quantity 


name your requirement— 


Semimetals, Inc., the world’s largest 
specialized producer of Doped Single Crystal 


Germanium now offers Production Quantities at low cost. 


Until now Semimetals, Inc., has been supplying 
a selected group of companies with Single Crystal 
Germanium to their specifications. Because of 
increased demands, newly developed techniques, and 
expanded facilities, Single Crystal Germanium is now available 
in large quantities at prices lower than ever before. SPECIAL GERMANIUM 

These crystals are provided to Orientation, Type, Resistivity, to your specifications 

Dislocation Densities and Lifetime requirements . . . Zone IR Detector Material 


: : : (Gold Doped) 
Levelled Single Crystal Germanium or Czochralski types are 


: i : ; $3 ; IR Filters and Windows 
available in either bulk form or sliced to your specifications. 


Low Lifetime Material 
Why not evaluate our Germanium and assure yourself 


Low Resistivity Material 


of a prime source for your most important raw material? | (0.001 ohm cm, N-type) 
| AAA noe pRB pie ee 

specifications Whatever your needs, write or call: 
Resistivity and Tolerance . ... .... Available from 0.01—30 ohm-cm; 

N Type, 20%; P Type, 15% A 
Orienteucnte ais she san daloke (111) +2° REL Mee Oe 
Dislocation Density «=... 4.05.56 sci To specification: 
Rifetimel ja... PRESEN OT PO Cre 0.5 —9.0 ohm-cm—50 ywsec minimum; 

Above 9.0 ohm-cm— 200 wsec minimum ni ETALS, IN C. 
Lineage .......... dig DOLROO DE OO ae All material free of lineage 


————— 


133-20 91st AVE. 


Each Crystal is supplied with complete indentification and resistivity profile, and is RICHMOND HILL 18, NEW YORK 
shipped in a polyethylene container. 
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PRECISION WAFERING 
MACHINE 


WITH THE 


INCREASES PRODUCTION EFFICIENCY IN PRECISION CUTTING 
OF GERMANIUM, SILICON AND OTHER DIFFICULT TO WORK MATERIALS 


@ Provides smooth, continuous and pos- ® Gives faster return speed 


itive longitudinal table feed El minctos moron rene 


@ Insures better control over low speeds ® Virtually frictionless 


Also available for installation on your present equipment. 


CALL OR WRITE TODAY FOR FULL INFORMATION 


@ Anderson Corp., Gary, Indiana Circle No. 17 on Reader Service Card 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


1020 Commerce Avenue Union, New Jersey MUrdock 8-6323 


SEE IT AT THE IRE SHOW BOOTH 4038 


My name is Paul M. Platzman, 


| pioneered the ultrasonic industry. Two well known ultra- 
sonic companies were founded by me. Now, | have created 
a new organization, Ultrasonic Industries, Inc., based on 
a revolutionary approach to mass producing and selling 
ultrasonic equipment. No middleman’s profit in this fac- 
is tory — direct-to-you deal. 


| Tremendous savings are passed on to you the customer bringing form- 
_/erly high-priced ultrasonic cleaners within the range of everybody's 
_Abudget. My products stand out because of their distinctive appearance, 
unbelievably low money-back-guaranteed prices—free five year serv- 
ice contract, and consistent trouble free performance under the most 
gruelling conditions. This is possible because my DiSONtegrator 
generators and transducers incorporate the latest advances in ultra- 


sonic technology. 


>: SON™ 


GRATOR® 


Sy ei eum i 


ULTRASONIC CLEANER 


95 


extra) 


The lowest priced ultrasonic cleaner ever sold! Buy ONE or 100 and Save! 


The DiSONtegrator System Forty ULTRASONIC CLEANER is attractively 
styled, ruggedly-built, and work-tested te give a lifetime of trouble-free 
service. 


The DiSONtegrator Features: 


Simplified one knob control for easy operation. High Frequency sound 
waves disintegrate harmful soils and contaminants in seconds. 

Saves time and labor, boosts production rate, improves product. You 
can replace hazardous chemicals with safe solvents and even water. 


The DiSONtegrator works FAST 


In SECONDS you can disintegrate soils on: radioactive lab apparatus; 
glassware; medical instruments; test tubes, syringes, hypodermic 
needles; dental instruments, drills, burrs, false teeth, bridges; 
fossils and fossil foraminifera; electronic components, semi-conductors, 
crystals, switches, precision potentiometers; optical parts, lenses, 
plastic contact lenses, eyeglasses; timing mechanisms; small gear trains; 
miniature printed circuit boards; and hundreds of other items. 


In seconds you can remove: 

rust, oxides, shop dirt, dust, lint, preservatives, finger prints, machining 
chips, extrusion lubricants, paraffin, wax, paint, varnish, lacquer, plastic 
residue, resists, silicones, greases cooked food residue, blood, plaster 
of paris, lapping compounds, carbon, radioactive particles, polishing 
compounds, shale, diatomite, volcanic tuffs, clay and sand, graphite, 
Starches, cutting oils, heat treat scale, color stains, foundry sand, 
abrasives, quenching oil, salts, pitch, asphalt, tar, inks, adhesives, 
jewelers rouge, tripoli, resin flux, acid flux, many others. 


The DiSONtegrator is VERSATILE 


In addition to super speed, surgical precision cleaning it can be used to: 
brighten, quench, degrease, impregnate, decontaminate, pickle, etch, 
dip coat, emulsify, degas liquids, anodize, dye, mix, accelerate reactions. 


Ultrasonic cleaners are widely used 


in production lines, maintenance departments and laboratories. You 
should. have at least one DiSONtegrator if your field is Electronic, 
Optical, Glass, Clinical, Biological, Textile, Oil, Food, Paper, Dental, 
Plastic, Drug, Rubber, Wood, Chemical, Isotope, Geological, Agronomi- 
cal, Metallurgical, Anthropological, Paleontological, Petrochemical, 
Ceramics, Dairy, Brewery, Beverage, Confectionery, Laboratories, Photo- 
graphic, Paint, Bottling, Cosmetic, Pharmaceutical, Metal Working, Metal 
Finishing, Die-Casting, Foundry, Plating, Metal Treating, Automotive, Air- 
craft, Horological, Jewelry, Medical, Marine, Mining, Utilities, Power 
Plants, Instrumentation. 


ultrasonic industries '§ 


INC. 
141 ALBERTSON AVENUE - ALBERTSON, L. I., N-Y. 


Ploneer 1-4333 
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I INTRODUCTORY OFFER 


| Money Refunded (less shipping charges) if not completely satisfied. 


5-DAY TRIAL 


We will pay all shipping charges 
to any point within the con- 

wal al tinental limits of the United 
= er lormice alicy Is ee States (not including Alaska and 
s > curenase. No, cher Hawaii), if you enclose check 


von 
e with order. 


tee. 
n of 
explratirevailing 


UNPRECEDENTED FREE 5 YEAR SERVICE CONTRACT 


The DiSONtegrator — System Forty is available from stock for im- 
mediate delivery in unlimited quantities. 


SPECIFICATIONS 


GENERATOR INPUT: 117 V, 60 cycle —GENERATOR OUTPUT: 40 W, 90 KC 
DIMENSIONS: GENERATOR: 10” L x 7” W x 534” H 


Tank (overall): 644” L x7” Wx6%4" H 


Tank (inside): 544” Lx¥53%”Wx4”D 
Tank (capacity): 0.5 gal. 


FOR THE FIRST TIME — you have a choice of 6 beautiful decorator 
colors to harmonize with your office or laboratory decor: Ivory, 
Wheat yellow, Turquoise, Desert sand, Pale green and Soft gray. 
Please specify color when ordering. 


ORDER NOW 
TO: Ultrasonic Industries, Inc., Dept. 1-SCP-2 


141 Albertson Avenue, Albertson, L. I., N. Y. 


Gentlemen: Please ship DiSONtegrator® System Forty 
| Unit(s) @ $99.95 ea: OC Ivory C Wheat yellow Q Turquoise 
8 QO Desert sand O Pale green O Soft gray 


to: purer 


— ea eee 


eS ee 


I understand that my money will be refunded if n 
satisfied. after 5 day trial. : ot completely 


O check enclosed (freight prepaid) (] C.0.D. 
L) bill me (rated firms only) (] Please put us on your mailing list 


including tank, con- 
necting cable and 
instruction manual 
(export model: 220V 
— 50 cycles $7.50 


eet te ee | 
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/ NOW. ».every volume tester of semiconductor 


This new automatic testing-recording system offers 

_ you greater speed, more consistent accuracy, and lower 
unit testing costs than are obtainable by any hand testing 
means. Whether your requirements are Engineering 
Studies, Quality Assurance, Quality Control or Reliability 
Testing of semiconductor devices, SMART will add 
greatly to the efficiency of your operation. 

The standard SMART machine enables you to meas- 
ure up to 16 different d-c parameters of a transistor or 
other semiconductor device and record these data within 
12 seconds. A minimum time of .5-second is required to 
test each parameter and an additional .2-second records 
the intelligence on an IBM 526 Summary Punch or other 
digital recording device. Using all 16 parameters, of 
course, 300 transistors may be tested per hour; however, 


devices can profit with SIMIZA RI 


CTIl’s Sequential Mechanism for Automatic Recording and Testing) 


fewer parameters would be desired on most testing runs 
and upwards of 500 semiconductors/hour could be han- 
dled easily. 

Sixteen programming modules permit you to skip, hold, 
or delay individual tests as well as control the level of 
biasing supplies. You may record actual parameter values 
or set the machine for rejection limits only. Overall sys- 
tem accuracy is 1% of full scale readout. 

The highly versatile SMART, with auxiliary consoles, 
may also be used for small signal h parameters; pulse, 
high frequency and power testing; and with environmental 
equipment in many types of factorial analyses. Also, the 
system may utilize scanning units for production runs, 
thus adding another high speed automatic feature. 

Request Bulletin A-701 for additional information. To 
solve your specialized testing problems on electronic com- 
ponents such as transistors, diodes, capacitors, resistors, 
and inductors, call TI’s experienced application engineers. 


TEXAS INSTRUMENTS 


INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY ® HOUSTON 6, TEXAS 
CABLE: TEXINS 


Current Gain 


hFE at lc=10 Adc 


20—60 
50—100 


20 


POWER TRANSISTOR 
SERIES 


Now in production by Bendix* are 
eight 25-ampere peak current power 
transistors capable of switching up to 
1000 watts—and you can get imme- 
diate delivery on all eight types. 

Newly improved in design, the 
transistors have a higher gain and 
flatter beta curve. The series is cate- 
gorized in gain and voltage breakdown 
to provide optimum matching and to 
eliminate burn-out. 


Maximum Voltage Rating 


30 Vce 


2N1031 
2N1032 


50 Vcb 60 Vcb 90 Vcb 
40 Vce 70 Vce 
2N1031A 2N1031B 


2N1032A | 2N1032B 


100 Veb 

= 

/ 2N1031C 
2N1032C 


Ask for complete details on this 
newly improved Bendix transistor 
series . . . and on the entire Bendix 
line of power transistors and power 
rectifiers. Write SEMICONDUCTOR PROD- 
UCTS, BENDIX AVIATION CORPORATION, 
LONG BRANCH, NEW JERSEY, or the 


nearest sales office. TRADEMARK 


West Coast Sales Office: 
117 E, Providencia Avenue, Burbank, California 


Midwest Sales Office: 
2N565 York Road, Elmhurst, Illinois 


New England Sales Office: 
4 Lloyd Road, Tewksbury, Massachusetts 


Export Sales Office: Bendix International Division, 
205 E. 42nd Street, New York 17, New York 


Canadian Affiliate: Computing Devices of Canada, Ltd., 
P. O. Box 508, Ottawa 4, Ontario, Canada 


SEMICONDUCTOR PRODUCTS 


Bed Bonk’ Division -oea 


AVIATION CORPORATION 


LONG BRANCH, N. J. 
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SILICON 


is uniformity controlled” to 


provide better yie/ds per pound. 


Start with the best raw materials ...and you are bound to 
wind up with the best product. When total purity and near 
absolute uniformity is such an important essential . . . nothing 
can be left to chance. 


At GRACE... nothing is left to chance... 
America’s important chemical organizatio 
producer of Semi-conductor Silicon from tt 
to the refined single crystal rods and slices. 


Only through such total integration can you be assured 
the uniformity that will match Your Specifications time after 
time, lot after lot, crystal after crystal. At Grace, Perfection 
is Standard. 


Your inquiry for either test material or complete details is 
invited. Write or phone today. 


\ GRACE ELECTRONIC CHEMICALS, INC. 
101 North Charles Street, Gaitimore, Md 
Manutacturing plants. Puerto Rico, and Clarksville, Maryland 
Subsidiary of W. R. Grace & Co 


SILICON ... ALL FORMS AND GRADES — 


Produced by Pechiney process, with boron as low as 0.1 part per 
billion. Uniform lots up to 95 pounds e Grace High Uniformity 
Bulk Silicon—Grades I, If and III; P Type and N Type—clean melts; 
no dross; gives high yields « Grace Ultra High Purity Polycrystal- 
line rods « Grace Float Zone and Czochralski monocrystals from 0.1 
to 1000 ohm-cm. Lifetimes up to 1000 micro seconds. Diameters up to 
14% inch e Grace Monocrystalline Slices. Inquiries invited for 
monocrystals and slices to your own specifications. 


Wi bit 


0 


WZ 


. 
\ A new production machine for 
' CRYSTAL DIODE manufacturers 


The latest development by 
KAHLE to meet the require- 
ments of the expanding Semi- 
conductor Industry. 


ENGINEERING COMPANY 


GENERAL OFFICES: 
3316 Hudson Avenue, Union City, New Jersey 


LEADING GESIGNERS AND 
BUILDERS OF MACHINERY FOR 
THE ELECTRONIC INDUSTRY 
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Editorial o¢ ¢ 


The Diode Equation 


Solution of the diffusion equation for p-n junction 
diodes is generally obtained with the assumption that the 
carrier flow is unidimensional. The two types of geome- 
tries considered usually are the plane junction and the 
hemispherical junction type. For instance, with reference 
to hole injection, the hole concentration in the vicinity of 
the boundary of the junction is 

P — Pn = Pn [exp (AV) = 1] 
in the case of flow parallel to a given direction and 
P — Dn = PD, [exp(AV) — 1] 1,/r 
in the case of radial flow from a hemispherical source. In 
the above relations the quantity A is equal q/kT, p, is 
the equilibrium concentration, r, is the radius of the 
hemispherical junction surface. 

These assumed geometries represent approximations, 
and for this reason the resultant solution must be modi- 
fied with corrective factors in general. On the other hand 
it is important that the idealizations introduced fer the 
purpose of mathematical simplification be as close as 
possible to the actual physical situation. The latter ques- 


tion is subject of speculation for the physicist. In par- 
ticular, in the case of the above problem, the presence of 
surface effects is generally responsible for lack of uni- 
formity of the flow. In the hemispherical injection phe- 
nomenon this means that the flow of minority carriers is 
a function of the azimuth angle 9 as well as of the radial 
distance, r. Such an observation has been made recently 
by Gossick (J.A.P.—Jan. 1960) who has proposed that the 
solution of the diffusion equation in spherical coordinates 
be made on the basis of higher mode terms, rather than 
in terms of the lowest “unipolar” mode. Using the simplest 
of the higher modes, i.e. the “dipole” mode, the hole dis- 
tribution at the junction boundary is written 
P~ Pn = Pn [exp(AVcos6) =i %)*/r* 

Solution of the diffusion equation provides an expression 
of the diode equation which presents higher values of the 
saturation current and lower values of the slope in the 
forward region. What is more interesting is the fact that 
the “dipole” mode exhibits a shorter injection recovery 
time than the “unipole” mode and therefore provides 
better high frequency operation. Having recognized the 
properties of this mode, efforts could be made to enhance it. 


Samuel L. Marshall 
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HI-PURITY... HARD-DENSE 
CARBON and GRAPHITE for 


d. 
2. 
3. 


$, 


© PROVIDES OUTSTANDING 
OVEN LIFE 


@ RESISTS OXIDATION AND 
MECHANICAL EROSION 


The Pure Carbon Company has com- 
plete facilities for the precision man- 
ufacturing of all types of boats and 
fixtures in *Grade L-56 and other out- 
standing materials. We have also pio- 
neered the manufacture of smalll, 
extremely accurate emitter and collector 
washers, header weights, etc., in ** Grade 
P-1. 

“The most widely 
used electro-graphite 


in the semi-conduce 
tor industry 


=. 


EMITTER and COLLECTOR WASHERS 


Sectional view of YY) 
typical configuration 
shown 20X size Yoo 


Write for complete information-and quotations 


PURE CARBON COMPANY, INC. 


449 HALL AVE. ST. MARYS, PENNSYLVANIA 


** Molded - to - size carbon 
graphite with dense, smooth 
surfaces and chip-free edges 
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Personnel 
Notes 


Joining Fairchild Semiconductor Cor- 
poration, Mountain View, Calif., in newly 
created production posts are Charles E. 
Sporeck and Lawrence S. Feldman, Op- 
eration’s Manager Frank Grady an- 
nounced recently. With Sporck taking 
over Production Manager’s duties, Feld- 
man and Robert Robson, formerly Fair- 
child’s Product Supervisor for the logic 
transistor line, will serve as Production 
Superintendents. 

Also joining the Palo Alto Research and 
Development Laboratory is Electrochem- 
ist Paul Ignacz. Trained at the University 
of Budapest, he had industrial and aca- 
demic experience in that city. 


Steve Manning has been appointed man- 
ager of the West Coast Sales Engineering 
Office of General Instrument Corporation. 
He had been Western Regional Sales 
Manager of the Advanced Relay Company 
and prior to that District Sales Manager 
for Pacific Semiconductor, Inc. The West 
Coast office (11982 Wilshire Boulevard, 
Los Angeles, 25) handles sales of prod- 
ucts of all General Instrument divisions 
including the Semiconductor Division 
(Automatic rectifiers and Radio Receptor 
diodes). 


The appointment of Aldon M, Asher- 
man as manager of market research of 
the Chemical and Metallurgical Division 
of Sylvania Electric Products Inc. has 
been announced by Robert Beatty, gen- 
eral marketing manager of the division. 
Mr. Asherman has been advertising man- 
ager of Sylvania’s Chemical and Metal- 
lurgical, Parts, and Electronics Systems 
Divisions with his headquarters in New 
York City. 


The directors of Alpha Metals, Inc., Jer- 
sey City, have announced the election of 
Harold Hertzog as president. Mr. Hertzog 
moves up to the new post from his former 
position as vice president of the company. 

Martin A. Boyle, field sales manager 
since 1945, was named vice president in 
charge of sales. 

Rena Shonberg has been elected secre- 
tary-treasurer. 


Carlo V. Bocciarelli has been appointed 
associate director of Philco’s Research Di- 
vision, in charge of the Basic Science and 
Technology Department. The announce- 
ment was made by Director of Research 
Donald G. Fink. Mr. Bocciarelli has been 
associated with Philco since 1942, and has 
served as assistant director for Solid State 
Electronics research since 1957. He re- 
ceived the B.Sc, degree in Chemistry from 
the University of Florence (Italy) in 
1922. Author of several papers, he holds a 
dozen patents. 


Lester Avnet, president of Avnet Elec- 
tronics Corporation, announced _ that 
Clark J. Grey has been promoted to vice 
president in charge of sales of the Avnet 
Electronics Sales Corporation, a wholly 
owned subsidiary. 
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») Dr. Albert A. Canfield has been ap- 
‘pointed director of university and scien- 
‘tific relations for the Bendix Aviation 
Sorporation. Dr. Canfield, who has been 
yiissociate professor of management in the 
chool of business administration at 
Nayne State University in Detroit, will 
foordinate the activities of 25 Bendix di- 


/fontaine, vice president. 


i Sperry Semiconductor, So Norwalk, 
#Connecticut, has announced the appoint- 
(nent of Carl Tishler as an Applications 
uEngineer. He will be responsible for the 
Wevaluation and application of advanced 
Ysemiconductor products for this division 
#of Sperry Rand Corporation. Mr. Tishler 
thas had several years recent experience 
‘in semiconductor applications with the 
wRemington Rand Division where he 
Mworked on _ transistorizing computing 
equipment, including high-speed printers, 
yand was responsible for developments in 
*the area of high-current transistor driv- 
Sing circuits for computer memories. 


Appointment of William E. Circe as 
Manager, Plant Personnel, of the RCA 
Semiconductor and Materials Division’s 
new manufacturing facility under con- 
struction in Mountaintop, Pa., was an- 
‘nounced by George R. Ritter, Plant Mer. 


Mr. William Leibowitz, veteran metal 
working executive, has been appointed 
Plant Manager of Accurate Specialties 
Co., Inc., Woodside, N.Y. facility, it was 
announced recently by Mr. Nathan Zim- 
mer, President. He wil be responsible for 
the expanded production of the com- 
pany’s line of ultra-precise high-purity 
‘alloy preforms clad metal components, 
and precious metal stampings supplied to 
the semiconductor industry for use in 
transistors, diodes, and rectifiers. 


Dr. M. John Rice, Jr. has been ap- 
pointed manager of semiconductor mate- 
rial engineering in an announcement by 
N. L. Harvey, vice president of engineer- 
ing for CBS Electronics. Dr. Rice was 
previously director of research for Tran- 
coa Chemical Corporation. Dr. Rice re- 
> ceived his B.A. in Chemistry from Alfred 

University and his Ph.D. in Physical 
Chemistry from Brown University. He 
has co-authored several articles pub- 
lished in technical journals, and cur- 
rently has a patent pending for a method 
of producing high purity silicon. 


Dr. Norman A. Baily, an experienced 
radiation physicist, has joined Hughes 
Aircraft Company’s nuclear electronics 
laboratory as a senior staff phvsicist, it 
was announced by Dr. John W. Clark, 
Jaboratory manager. His work concerns 
investigation of medical and radiological 
applications of linear accelerators and de- 
tection devices. Dr. Baily came to Hughes 
after five years as chief scientist for the 
department of radiation therapy at the 
Roswell Park Memorial Institute, Buffalo. 


Henry F. Schoemehl has been appointed 
director of engineering of Hoffman Elec- 
tronics Corporation’s semiconductor plant 
in Evanston, Ill., Maurice E. Paradise, 
executive vice president and general man- 
ager of the Semiconductor Division, an- 
nounced. Mr. Schoemehl, who succeeds 
Dr. J. R. Madigan, was formerly the 
plant’s marketing director. He is suc- 
ceeded in that post by Ben W. Roberts, 
former field sales engineer for the division 
in the West Central States. 
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Transistor Frequency (fr) Response Meter 
Model F-20 


SPECIFICATIONS: 
© Frequency Range (fy) 
© Accuracy 


© Power Consumption 
(exclusive of transistor under test) 


Self contained collector 
hias voltage for transistor under test 


Self contained emitter 
bias current for transistor under test 


© Size 


FEATURES: 


© Direct reading, fp, in mc/sec 

@ hy. by simple calculation 

© Polarity PNP, NPN 

© Simple, direct, and precise instrument 
calibration 

© Provision for external biasing of transistor 
under test beyond Vop—15 v, Ip 
10 ma 

e Provision for automatic recording 

© Transistorized; Long Life 

© Self contained; battery powered, ready 
for immediate operation 


50-750 mc/sec 
sash 

Less Than 250 
Milliwatts 


0-15 volts in 
1.5v steps 


0-10 ma in 
1 ma steps 
47 Wx9”?Dx9’ H 


APPLICATIONS: 


© Tests all transistors, silicon or germanium, 
within frequency range 


Suitable for laboratory testing and eval- 
vation 


Suitable for production testing 


A tool for transistor design 


Suitable for determining frequency re- 
sponse variation with bias voltage and 
current 


Rapid Testing 


Metecuber's Elrcloonied 


443 West 50th Street 


New York 19, N. Y. 
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...new dimensions for precise crystal growing 


Sylvania germanium pieces, cut 
to specific size and weight for 
vertical crystal growing. 


26 


Turoucu THE YEARS, from early ex- 
perimental projects to the place Sylvania 
now occupies as prime suppliers of as- 
reduced and purified germanium... 
Sylvania has constantly worked to pro- 
vide ingots with the maximum yield 
potentials in single crystals. 


Sylvania is now equipped to supply 
germanium ingots to the closest dimension- 
tolerances ever achieved. Shown here are 
the six standard shapes which fill prac- 
tically every requirement. In each case, 


the dimensions are held to a new order. 


of precision. 


These new precise dimensions result 
in even melting, lessshrinkage and almost 
negligible surface drop . . . all important 


¥SYLVANIAG 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


Circle No. 24 on Reader Service Card 
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factors in preventing waste through 
polycrystalline formation. You’ll find 
that the unit cost of doped single crystals 
is lower too. 


Special shapes of ingots can of course 
be supplied to your order if required, 
and users of the vertical growing method 
will like Sylvania germanium cut to 
specific size and weight. These pieces can 
be used as received, without processing. 


Since Sylvania controls germanium 
purity from ore to ingot, you can’t ob- 
tain better material. We’ll be glad to 
send you a new technical bulletin on 
Sylvania germanium ingot dimensions, 
showing the new sizes, shapes and 
tolerances. 


Sylvania Electric Products Ine. 
Chemical & Metallurgical Div. 


Towanda, Penna. 


General Plate Clad Metals 


IMPROVE PERFORMANCE — CUT COSTS 
In Semiconductor Applications 


SILICON TRANSISTOR 


EAD WIRES 
OPPER CORED KOVAR 


BASE TAB 


GERMANIUM TRANSISTOR 


LEAO WIRES 
= COPPER CORED KOVAR 
\ 


GERMANIUM POWER TRANSISTOR 


INDIUM DOT- 
ENCLOSURE 
STEEL 


ALUMINUM CLAD TANTALUM 
GOLD=ANT I MONY 
CLAD ALLOY 30 


/BASE TAB 


4 TIN CLAD NICKEL et fadee eA lcs 


CRYSTAL 


eacaraath 


/ BASE 
P22 2772777Z777 2 AY STEEL CLAD 


COPPER 


> BASE ULUEE copper 


-ENCLOSURE 
TIN CLAD COPPER 


SILICON CRYSTAL \. GERMANIUM CRYSTAL 


ALUMINUM DOTS sy INDIUM DOTS 


LEAD WIRES 
COPPER CORED $2 ALLOY 


y 
HERMETIC SEAL HEADER 


HERMETIC SEAL HEAD 
KOVAR+HARD GLASS SEAL ayy 


KOVAR + HARD GLASS SEAL 


Se eee 


EEE GIES 


| BASE TAB MATERIAL 


A For Germanium (Single Clad Only) 


1, Tin Clad Nickel 

2. Tin Clad Alloy 30 (42% Nickel-58% tron) 

3. 63.2% Lead-35% Tin-1.8% Antimony Clad Nickel 
4. 63.2% Lead-35% Tin-1.8% Antimony Clad Alloy 30 
5. 63.2% Lead-35% Tin-1.8% Indium Clad Nickel 

6. 63.2% Lead-35% Tin-1.8% Indium Clad Alloy 30 

7 

8 


I| LEAD WIRE MATERIAL 


. Copper Cored Rodar (Soft Glass Seals) 

. Copper Cored 52 Alloy (Compression Seals) 
. Copper Cored 446 Stainless Steel 

. Nickel Clad Copper Wire 

. Copper Ciad Nickel Wire 


nF won 


SE Ee a a 


ss 


. 99% Tin-1% Gallium Clad Nickel 

. 98% Tin-2% Antimony Clad Nickel 
9. 95% Tin-5% Antimony Clad Nickel 
10. Tin Clad Steel 
11. Tin Stripe on Nickel 
12. Tin Clad Titanium 


lll WHISKER WIRE MATERIAL 


1. 95% Platinum-5% Ruthenium 
2. 99% Gold-1% Gallium 

3. 99.5% Gold-.5% Antimony 

4. 90% Platinum-10% Iridium 


cS REAR SRE AAA AA AS MN I 


IV BASE MATERIAL 


B For Silicon (Single or Double Clad & Stripes) 
**Solder 


1. Gold 

. 99.5% Gold-.5% Antimony 
. 99% Gold-1% Gallium 

. 95% Gold-5% Indium 


2 . Aluminum Killed Low Carbon Steel Clad Copper 
3 
4 
5. 99.9% Gold-.1% Boron 
6 
7 
8 


] 

2. Stainless Steel Clad Copper 
3. Nickel Clad Steel (Nifer)® 
4. Nickel Clad Copper 
5 
6 
7 


EDEL 


. Nickel Clad Tantalum 
. Silver Clad Tantalum 
. Aluminum & Nickel Double Clad Tantalum 


. 99% Gold-1% Aluminum 
. 99% Gold-1% Arsenic 
. Fine Silver 
9. 99.5% Silver-.5% Antimony 
10. 95% Silver-5% Indium 
11. Aluminum 
12. High Purity Aluminum 


V ENCLOSURE MATERIAL 


1. Tin Clad Copper 
2. Glass Clad Nickel Silver 
3. Tantalum Clad Nickel Silver 


EERE LIT 


BASE METAL Re ee QUAI 
1. Nickel 
2. Alloy 20 (40% Nickel-60% Iron) ; ; ap 
3. Alloy 30 (42% Nickel-58% Iron) If you are seeking metals with useful characteristics that 
4. Kovar can’t be found in a single metal or alloy, investigate clad 
5. Titanium metals. General Plate Clad Metals do what other metal can’t. 
6. Tantalum Made by metallurgically bonding single metals or alloys to 
7. Molybdenum other metals in the solid state by exclusive processes*, the 
8. Silver composite metals give you the combined advantages of the se- 
9. Platinum lected metals and can yield new advantages such as lower cost, 
better fabricating qualities, improved parts performance, etc. 
The General Plate Clad Metals for semiconductor applica- 
tions described here comprise only a partial listing. To find out 
more about these or other combinations to meet your specific 
**NOTE: These solders may be single or double requirements, write directly to Industrial Metals Product 
clad on any of the base metals listed above. Manager, or request our special catalog on clad and solid 
Solders in group B may be purchased unclad. metals for electronics applications. 


*Patented processes of Metals & Controls Corporation. 
Oo 


r TEXAS INSTRUMENTS 


INCORPORATED 


METALS & CONTROLS DIVISION 
® 2002 FOREST STREET ° ATTLEBORO, MASS. 


GENERAL PLATE PRODUCTS 
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NEW CATALOG contains : 


CATALOG 
NO, SC-459. 


Lathan Fos isd. ier Rata 


UNITED CARBON P 
Bay City, Michigan 


Pig, Go AI Sioa died tiemgeite 


Lobe Goxpbine Z 


ALL YOU SHOULD KNOW ABOUT GRAPHITE 
for Transistor Production 


Here are some of the questions it answers: ws 


What difference does it make whether a graphite 
fusion jig is molded or extruded? (answered on 


1. Why is high purity important in graphite for semi- page 6) 


conductor processing? (answered on page 5) ; } 
8. What production help can a graphite producer offer 


2. Can Ultra Pure graphite help cut costs? (answered a maker of transistors? (answered on pages 12-13) 


on page 5) 


9. Does United guarantee quality? (answered on 


3. Can more reliable transistors be made through the 


use of Ultra Pure graphite? (answered on page 4) 


4. Does United guarantee ‘ 


(answered on page 14) 


3. Exactly how pure is United’s Ultra Pure? (answered 
on page 5) 


‘crash’ deliveries? 


6. How is United set up to help with technical ques- 
tions? (answered on pages 2-3) 


United Carbon Products Co., Dept. C, Bay City, Mich. 


Please send me your new Semiconductor 
Graphite Products Catalog. (No obligation). 


NAME 


TITLE 


COMPANY 


co. ADDRESS 


CITY ZONE. STATE. 


page 15) 


And these questions are but a few—a merest indica- 
tion. For the whole story on United’s services, and 
on Ultra Pure Graphite’s role in improving semi- 
conductor production, send for this new 20 page loose- 
leaf, stiff cover brochure. Fully illustrated . . . carefully 
compiled . . . sure to be a help to you. . . . Mail the 


coupon now, 


ee 
eader Service Card 
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N THIS ARTICLE we shall concern ourselves only with 
diodes which can exist in two stable states, viz., a 
high conductance or “on” condition and a low con- 
uctance or “off” condition. For a semiconductor 
iode the “off” condition corresponds to operation in 
e reverse saturation region while the “fon” condition 
ay correspond to operation in either the forward 
ias or reverse breakdown regions of the diode char- 
cteristic. In the “off” state the current through the 
iode is very small and practically independent of 
oltage over a wide range of bias voltages while in 
e “on” state for either forward or reverse break- 
own the current through the device increases very 
apidly with increasing positive or negative bias, re- 
pectively. The forward switching characteristic has 
een discussed rather completely by Kingston! and 
y Lax and Neustadter.* Unfortunately, their treat- 
ents are restricted to the limiting cases in which 
he width of the base region, w, is either much greater 
han or much less than a diffusion length. In diffused 
junction rectifiers the case where the base region and 
iffusion length are comparable is common. One 
would expect the transit time to affect the duration 
f the switching transient when the diffusion length 
pproaches or exceeds the base width. When this con- 
dition is obtained, the carriers disappear both by re- 
combination within the base region and at the ohmic 
contacts which are, by definition, sinks for minority 
carriers. This reduces the duration of the recovery 
phase of the switching transient.” 

Switching about the reverse breakdown point 
greatly shortens the switching time.‘ This is due to the 
fact that the reverse current consists entirely of ma- 


* Hoffman Electronics Corporation, Semiconductor Division, 
Evanston, Ill. 


Semiconductor Diode Switching Characteristics 


J. R. MADIGAN AND W. MACDONALD* 


The switching characteristics of a semiconductor diode are shown to depend upon proper- 
ties intrinsic to the diode as well as upon external circuit conditions. In particular, one 
may adjust external circuit properties in such a way as to make an inherently slow diode 
appear fast. In addition, one may switch about either the forward or the reverse te 
down points. In switching about the forward breakdown point the current is carried b 
minority carriers and this produces charge storage effects which limit the speed with 
which the diode can be switched from its high to its low conductance states. Switching 
about the reverse breakdown point eliminates the problem of charge storage since the 
diode current is now carried principally by majority carriers and the switching time there- 
fore tends to be limited by circuit conditions rather than the diode itself. 


jority carriers and, therefore, cannot alter the proper- 
ties of the base layer. Since there is no charge storage 
in the base region, there is no junction relaxation 
phenomena associated with reducing the bias voltage 
below the value necessary to maintain reverse break- 
down. For certain logic circuits however, zener 
switching imposes a limit on the maximum zero to one 
ratio. 

In addition certain logic and coincidence type cir- 
cuits function as well or better with high conductance 
diodes than with so called “quick recovery” diodes. It 
will be shown that the switching speed of a circuit 
made up of individually slow units is directly de- 
pendent upon the forward conductivity of the diode. 


Theory 

A typical current voltage characteristic of a silicon 
p-n junction diode is shown in Fig. 1. In the forward 
direction the diode will start to pass considerable cur- 
rent after the voltage reaches about 0.6 volts. In the 
reverse direction the diode will conduct only a very 
small current until the voltage reaches a value near 
V,,, the breakdown voltage. At V,; the current in- 


FORWARD 


1.0 Volt 


REVERSE 


100 Ma 


Fig. 1—Typical silicon diode characteristic. 
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creases very rapidly and the device is said to go into 
the breakdown region. This breakdown is not destruc- 
tive and one can cycle into and out of this breakdown 
condition indefinitely as long as the unit is kept within 
the thermal limitations. 

For switching purposes one can use either the for- 
ward or reverse breakdown regions. In switching 
about the forward characteristic one can go from the 
region of high forward conduction to the reverse satu- 
ration region. Ideally the diode would instantaneously 
switch from a forward current, I;, to the reverse satu- 
ration current, —I,, as shown in Fig. 2-A. In a real 
diode, however, the instantaneous reverse current is 
greater than its saturation value. This large reverse 
current persists for a time and then decays to the 
reverse saturation current. Fig. 2-B shows a typical 
reverse switching characteristic for an actual diode. 
The magnitude of the overshoot in the reverse current 
and the length of time required for the diode current 
to decay to its reverse saturation value depend not 
only upon the characteristics of the diode itself, but 
also on external circuit parameters. 


Switching About the Zero Bias Point, W >> L 


In forward switching, the current through the diode 
does not immediately decay to its reverse saturation 
value because the charge density on either side of the 
barrier is not that characteristic of a reverse biased 
junction. While forward bias is applied the current is 
principally composed of minority carriers and this has 
the effect of increasing the hole density on the n-side 
and the electron density on the p-side of the barrier. 
These excess minority carrier densities are not dis- 
tributed uniformly throughout the n- and p-regions 
but have their greatest value at the junction and 
decay to zero as we proceed in either direction from 
the junction into the bulk material. That is, the total 
minority carrier densities within the n- and p-regions 


0 Time 


-I, 


' 
' 
(Recovery | 
Time 
(a) IDEAL SWITCHING ABOUT 


ZERO BIAS POINT 
I 


(b) ACTUAL SWITCHING ABOUT 
ZERO BIAS POINT 


Time 


(c) ZENER SWITCHING 


Fig. 2—Typical semiconductor diode switching charac- 
teristic. 
a—Ideal switching about zero bias point. 
b—Actual switching about zero bias point. 
c—Zener switching. 


| 
approach their thermal equilibrium values at did 
tances from the junction that are large compared te 
the minority carrier diffusion lengths. Under revers¢ 
bias conditions the minority carrier densities in the 
vicinity of the junction are less than their thermal 
equilibrium values and approach the equilibrium 
concentrations as we proceed away from the junction, 
The width of the region for which the minority car- 
rier densities are less than their thermal equilibrium 
values (i.e., the width of the space charge or barrie: 
layer) increases with increasing reverse bias. There- 
fore, in switching from forward to reverse bias con- 
ditions the minority carrier densities must first be 
reduced to their equilibrium values and then the 
space charge layer established by further reducing the 
minority carrier density throughout a region whose 
extent is determined by the magnitude of the reverse 
bias voltage. 

During the initial, or recovery phase, of the switch- 
ing transient, while the excess minority carrier densi- 
ties stored within the n- and p-regions are decaying 
to their thermal equilibrium values, the reverse cur- 
rent is constant, and is given by the ratio of the re- 
verse bias voltage to the series resistance, i.e., I,= 
V,/R. The time during which the space charge layer 
is established is known as the decay time and the cur- 
rent decays from its constant value of the recovery 
phase to the reverse saturation current during this 
period. This behavior is illustrated in Fig. 3. Both the 
magnitude and duration of the constant current phase 
of the switching transient are dependent on external 
circuit parameters V, and R. The magnitude of the 
constant current increases with increasing reverse 
bias and with decreasing series resistance and this in 
turn decreases the duration of the recovery phase of 
the switching transient. The relationship between the 
recovery time and the reverse current during the re- 
covery phase may be shown to be 


War 


R 
v 
ee 


0. Circuit for Obtaining the Switching Charactaristic 
of a p-n Junction 


sy 
} FORWARD 
4 mgs I el 


=15 = 

} REVERSE /~ TIMES 
pee AN Tt 
|RECOvERY| REVERSE 
[PHASE | PHASE. 


b. Oscilloscope Trace of the Switching Choracteristic 


CURRENT 


Fig. 3—Switching characteristic of a p-n junction about 
the zero bias point. 
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i) Fig. 4—The dependence of the recovery phase of the 


switching transient on external circuit parameters. 


erf Vt,/r = 1/(1 + I,/I,) (1) 


where t is the minority carrier lifetime. Using this 
equation the ratio of the recovery time to the life- 
time, t,/t, is plotted as a function of the ratio of the 
constant reverse current to the forward current, I,/I,, 
in Fig. 4. Since the initial reverse current is equal to 
the battery voltage divided by the series resistance, 
t,/t is alternatively presented in Fig. 4 as a function of 
the series resistance if I; and V, are considered to be 
constant. The duration of the recovery phase of the 
switching transient for constant mean lifetime 1 is 
seen to increase with decreasing values of I,./I;. This 
result may be explained physically as follows. The 
current will remain constant and equal to V,/R only 
as long as the impedance of the diode is negligible 
compared to the series resistance. From Fig. 4 we see 
that smaller values of I,/I, correspond to larger values 
of the series resistance and thus the diode impedance 
must reach a higher value before it begins to limit 
the reverse current. Neglecting the series resistance 
of the diode itself the impedance depends on the 
charge stored in the base region and can increase 
only as fast as this stored charge can be removed. 
Thus if the diode must reach a higher impedance be- 
fore it can begin to limit the reverse current, more 
stored charge must be removed and the constant cur- 
rent or recovery phase will last longer. 

An approximate expression for the current during 
the decay phase of the switching transient is 


e-tlr 


Tae ceil 

Ty Va V t/t 
where the time is measured from the end of the con- 
stant current phase, i.e., from t,. In the literature, 
what is referred to as the “recovery time” is the sum 
of the time corresponding to the constant current 
phase plus a portion of the decay phase. One usually 
“recovers” to some specified impedance in the reverse 
direction and the corresponding decay current is 


— erfe “/ t/r 
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Fig. 5—Comparison of the dependence of the duration of 

the recovery phase and the decay phase of the switching 

transient to the ratio of the initial reverse to the forward 
current. 


given by the ratio of the reverse bias voltage to the 
specified impedance. For example one might want to 
decay to a current equal to one tenth of the initial 
reverse current. The time, tz, required for this ac- 
cording to Equation (2), is 


r= (£7 = 
I; Var V ta/ T 

This expression is plotted in Fig. 5 as a function of 
I,/I;. The time to switch from a forward current, I;, 
to 0.1 I, for any given value of I,,/I; is the sum of val- 
ues given by Figs. 4 and 5 times the lifetime. 

If the duration of the forward pulse is long com- 
pared with the minority carrier lifetime, the base re- 
gion of the diode will store a quantity of charge equal 
to I;r. The quantity of charge removed when the diode 
is switched from forward to reverse bias is the area 
under the reverse current curve in Fig. 3. The ratio 
of the charge recovered, Q, to the charge stored, Q,, 


| 
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The integral may be shown to be equal to 


[rue 
i, dy T 


The second term on the right hand side of Equation 
(4), is a standard form’ and is given by 


foe] 
/ eerie ec dic 
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where I’ erfe x is the doubly iterated integral of the 
complementary error function and has been tabulated 
by Crank’. The ratio of the charge removed to the 
charge stored is therefore 
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This expression is plotted in Fig. 6, as a function of 
t,/t. The ratio of charge recovered to the charge 
stored approaches a constant value of one half for 
small values of t,/t and decreases rapidly for values 
of t,/t greater than one. This behavior may be under- 
stood as follows. Large values of t,/t correspond to 
large values of series resistance and small values 
of I,/I; (see Fig. 4). We thus tend to approach open 
circuit conditions and practically all of the stored 
charge must disappear by recombination within 
the base region. In other words the rate of flow 
of charge back across the junction (i.e., the reverse 
current) is so small that most of the stored charge 
disappears by recombination within the base region 
and therefore does not contribute to the reverse cur- 
rent. Another way of regarding the limiting case of 
large values of t,/t is that t, the lifetime, should be an 
upper limit on the value of the recovery time. This 
would be the case if all the carriers recombine within 
the time t. However, if the excess carriers decay ex- 
ponentially a small fraction of the stored charge can 
still be recovered even if the circuit parameters limit 
the reverse current to a very small value. 

The fact that Q,/Q; saturates is to be expected since 
one cannot recover more charge than is stored in the 
base region during the forward pulse. Small values 
of t,/t correspond to low series resistance (see Fig. 4) 
and hence the initial rate of removal of charge (i.e., 
the reverse current) is large. One would, therefore, 
expect to recover more charge as t,/t decreases since 
it does not remain in base region long enough to re- 
combine (i.e., the average time a charge stays in base 
region is short compared to its lifetime). Under these 
conditions as t,/t approaches zero, the first term on 
the right hand side of Equation (5), tends to zero, 
and the second term to a constant value of one half. 
This.is what one would expect physically except per- 
haps for the fact that one can recover at best only 
half of the stored charge. 

Before leaving the simple case where recovery time 
is determined only by external circuit parameters and 
lifetime there is one further effect that should be men- 
tioned. It has been assumed that the p-n junction ini- 
tially presents a very low impedance in comparison 
to the series resistance of the circuit. Under these con- 
ditions the entire reverse bias voltage will appear 
across the load resistor. However, if the series or 
spreading resistance of the diode is large, as will be 
the case for certain alloy structures, there will be a 
voltage divider effect and the voltage across the load 
will be given by 


R 
Zeke 


Ve, 


where Z is the series impedance of the diode. This im- 
pedance may be regarded as a series combination of 
the storage capacitance associated with injection of 
minority carriers into the base region during forward 
bias and the series resistance of the diode. It may be 
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shown® that at forward bias voltages such that 
qV;»kT the storage capacitance is directly propor- 
tional to the forward current and is given by 


e2y6) 
Lr 


OT pa 
kT 

where t is the minority carrier lifetime and Q, is the 
charge stored in the base region during the forward 
pulse. If the series resistance of the diode is small, the 
impedance will be inversely proportional to the stor- 


Cisior = 


age capacitance. Thus for units in which lifetime is — 


very short as a result of severe thermal quenching or 
other treatment there will be an appreciable voltage 
drop across the diode. Provided the series resistance 
is small the voltage drop across the diode is directly 
proportional to the minority carrier lifetime and may 
be a suitable measure of very short lifetimes. 


Switching About the Zero Bias Point, W =—L 


In the case we have just been treating it was as- 
sumed that the width of the base region was large in 
comparison with the diffusion length of the minority 
carriers. This condition restricts the recovery time to 
a function of external circuit parameters and life- 
times and allows us to neglect any transit time effects. 
If, however, the diffusion length is comparable to or 
greater than the base width, transit time across the 
base region will effect the recovery time. The general 
result is a reduction in the recovery time and if the 
diffusion length is much greater than the base width, 
the recovery time approaches the transit time rather 
than the lifetime as a limiting value. 

This case has previously been treated by Steele‘ 
and by Byezkowski and Madigan*. The general result 
is a series solution which can only be solved by la- 
borious numerical methods except for certain special 
limiting cases. In the general case of arbitrary base 
width one must solve the series for t,/t as a function 
of W/L. The series may be expressed in the form 


y exp. —-[(t/7) +. Ga 3) a? (DEW) 
m=0 1 a (m + 3)? Tr L?/W? 
1 (W/L) tank W/L 
(1 5 AES) 2 


Now W’/D is the diffusion or transit time, t;, across 
the base region’. This quantity tends to zero as W 
tends to zero. Thus, the second term in the exponent 
is the dominant one and the exponent reduces to 
(m+)? t,/t; This approximation thus leads to a 
dependence of t, on t;. Since the transit time vanishes 
in the limit of very narrow base widths, t, must vanish 
also. t should, however, be independent of base width 
neglecting surface effects; and, therefore, t,/t must 
tend to zero. We have determined t,/t as a function of 
W/L only for the special case where Llp Sciaition 
values of W/L < 3 the ratio t,/t falls off very rapidly 


indicating a strong dependence of the recovery time 
on transit time. 


(6) 
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| Switching About the Reverse Breakdown Point 


Operation of silicon junction diodes about their re- 
® verse breakdown point permits much faster switching 
times. This is possible since under reverse bias con- 
ditions the current is carried by majority carriers 
©, and there are therefore no minority carrier charge 
m storage effects. Any charge storage effects associated 
} with the majority carriers would require a deviation 
, from local space charge neutrality which will be self 
4 annihilating. Basically the deviation from local space 
# charge neutrality produces an electric field which re- 
stores local neutrality within the dielectric relaxation 
time®. The dielectric relaxation time is directly pro- 
portional to the base layer resistivity and for any 
physically attainable resistivities in silicon is not 
greater than about 10 sec. It is thus possible in 
switching about the reverse or avalanche breakdown 
point to pass very fast pulses without distortion from 
recovery time phenomena.’® The switching character- 
istic would then correspond to Fig. 2C. 

The nature of the reverse breakdown phenomena 
imposes certain limits on some switching applications. 
For example, consider the two input, reverse break- 
down, logical “and” circuit of Fig. 7. Without the ap- 
plication of either positive input pulse, both diodes 
are normally conducting in their avalanche break- 
down regions. The voltage drop between the output, 
“A+B,” and ground is essentially equal to the “zener” 
voltage of the diodes. With the application of either 
one of the input pulses, the diode corresponding to 
that input is switched from the avalanche breakdown 
region to the low conductance region. Since one leg 
of the parallel circuit to ground is now (for all prac- 
tical purposes) open, the the impedance between out- 
put and ground is now increased. This results in a 
voltage output at “A - B” which persists for the dura- 
tion of the input pulse. Upon simultaneous applica- 
tion of both positive input pulses to the circuit, both 
diodes are switched from their avalanche breakdown 
regions to their low conductance regions and a posi- 
tive pulse approximately equal to Ez appears. 

We shall now show that the ratio of the output 
voltage when both pulses are applied simultaneously 
to that when only one pulse is applied, i.e., the two 
to one ratio, is limited by the nature of the “zener” 
characteristic. If the diodes are initially conducting 
in their reverse breakdown regions, the maximum 
pulse that can be applied to turn them off is their 
reverse breakdown voltage. Any greater signal will 
drive them into the forward conduction region and 
lead to charge storage effects. Since in their low con- 
ductance state essentially the entire Ez appears across 
the diodes, E;, must not be great enough to drive the 
diodes into their reverse breakdown regions. When 
the signal voltage is applied to A and B simulta- 
neously, the drop across either diode is the supply 
voltage minus the signal voltage. Because of the limi- 
tation on signal voltage the maximum possible supply 
voltage is twice the reverse breakdown voltage, and 


Fig. 6—The ratio of the charge recovered to the charge 
stored as a function of the ratio of the recovery time to 
the lifetime. 


° 
INPUT 
A 


INPUT 
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Fig. 7—Schematic diagram of two-input. reverse break- 
down, logical “AND” circuit. 


the maximum output voltage equals the reverse 
breakdown voltage of the diodes. The voltage pulse 
that appears when a signal is applied to only one of 
the inputs, is due to the fact that the impedance be- 
tween output and ground is now approximately dou- 
bled since one leg of the parallel circuit to ground is 
now effectively opened. The impedance between out- 
put and ground is the sum of the reverse breakdown 
impedance of one of the diodes plus the series re- 
sistance, R,. The size of the output pulse when only 
one input signal is applied depends on the ratio of 
the above impedance to R;. The maximum two to one 
ratio is obtained by keeping the impedance in the 
high conductance condition between ground and out- 
put as low as possible. There is a practical limitation 
on R,, however, since the smaller it is the more power 
is required in the input pulse to switch the diode from 
its high to low conductance state. To minimize the 
reverse breakdown impedance of the diode one should 
employ a diffused junction device. In alloy units one 
must use higher resistivity base material to achieve a 
given breakdown voltage than with diffused regu- 
lators because of the steeper impurity gradient at the 
junction. Thus, for identical geometries the diffused 
unit will have a lower series resistance and conse- 
quently lower reverse breakdown impedance than 
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an otherwise equivalent alloy unit. The impedance 
of the diffused unit may be reduced still further by 
reducing the thickness of the base layer. 

The largest two to one ratio in “zener” switching is 
thus achieved by using relatively high breakdown 
voltage, diffused junction, narrow base diodes. Since 
the impedance of the breakdown region increases with 
increasing voltage and since it is desirable to keep 
the supply voltage to a reasonably low value, it is not 
practical to use diodes with reverse breakdown volt- 
ages above about ten volts. 


Switching with High Conductance Diodes 

A high conductance diode usually has low series 
resistance and long minority carrier lifetime within 
the base region. The long minority carrier lifetime 
promotes conductivity modulation (i.e., the reduction 
of base layer resistivity by minority carrier injection) 
and greater storage capacitance. The diode impedance 
is therefore greatly reduced and the diode is more 
nearly an ideal short circuit during the initial phase 
of the switching transient. It is therefore possible to 
decrease the switching time by adjusting external cir- 
cuit parameters such as the load resistance, without 
having the impedance of the diode itself as a limiting 
factor. The suitability of high conductance diodes for 
certain switching applications is borne out by their 
successful employment for a number of years in nu- 
clear counting circuits. 


Summary and Conclusions 
This discussion has confined itself to diodes which 


can switch from a high to a low conductance state 
without passing through a negative resistance region. 
For such units it is possible to predict how the switch- 
ing transient will depend upon properties of the diode 
itself and upon the external circuit parameters. In 
particular it has been shown that an intrinsically slow 
diode may be made to appear fast by properly ad- 
justing the external circuit parameters. In switching 
about the zero bias point the charge stored in base 
region during forward bias is removed partly by re- 
combination within the base, partly by flowing back 
across the junction, and partly by diffusion to the 
ohmic contact to the base region. By properly design- 
ing the unit one can combine the above decay mecha- 
nisms in such a way as to produce a fast switching 
diode which still has desirable characteristics as a 
normal diode. 

Switching about the reverse breakdown point elim- 
inates the problem of charge storage since the reverse 
current consists of the flow of majority carriers. Any 
charge storage effects set up self annihilating electri- 
cal fields which restore equilibrium within the dielec- 
tric relaxation time. The switching time therefore 
tends to be limited by circuit conditions rather than 
the diode itself. 
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Fig. 6—Capacitance as a function of bias voltage for typical 
diffused alloy junction silicon diodes. 


Errata 


The accompanying illustrations are corrected versions of 
those which appeared in the article “Variable Capacitance 
Diffused Junction Diodes,” Semiconductor Products, Nov. 1959. 
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Comparative Performance of Saturating and 


Current-Clamped High Frequency Pulse Circuits 


V.P. MATHIS* H.RAILLARD* J.J. SURAN* 


The relative performance of saturating and current-clamped flip-flops are compared with 
regard to such properties as stability, loading capability, pulse repetition frequency, trigger 
energy requirement and pulse propagation time. It is shown both theoretically and experi- 
mentally that the two-terminal driving-point resistance characteristics of the saturating 
and current-clamped circuits are virtually identical and hence the static properties, e.g., 
stability and loading capability, are the same for most practical purposes. The saturating 
circuit has a small advantage insofar as its collector-to-emitter voltage drop, when con- 
ducting, is approximately one-half volt less than for the clamped circuit, and consequently 
the saturating circuit may be loaded a little more. The clamped circuit is advantageous in 
dynamic performance only when the minority-carrier storage factor of the clamping diode 
is less than the storage factor of the transistor. Using clamping diodes of the S347G and 
$555G types, the clamped circuit is definitely superior in dynamic performance to the 
saturating circuit when transistors of the 2N428 class are used. However, the clamped 
circuit shows little or no advantages when the 2N501 transistor is employed. 


makes the transistor a highly desirable switch- 

ing element is its low collector-to-emitter 
voltage drop when driven into a fully-conducting 
state. This saturation property of the transistor makes 
it possible to operate switching circuits at very high 
efficiencies, compared to electron-tube equivalents, 
and allows transistors to perform clamping functions 
as well as amplification in logic circuits.) However, 
the minority carrier storage effects associated with 
saturation lead to several undesirable effects in the 
transient-response characteristics of transistor switch- 
ing circuits and these are generally assumed to result 
in considerable degradation of switching speed. ? 
Consequently, extensive effort has been expended in 
devising transistor switching circuits which do not 
saturate. The most successful circuit thus devised 
consists of a clamping configuration which tends to 
preserve the high-efficiency property of the transistor 
switch while maintaining enough collector-to-emitter 
voltage to prevent transistor saturation.’*) Since all 
such diode clamping circuits transfer the carrier stor- 
age effects from the transistor to the diode, it must 
naturally be assumed that the diode is considerably 
“faster” than the transistor. 

Non-saturating transistor circuits which employ 
diode clamps, particularly of the high-efficiency cur- 
rent-clamping configuration described in reference 3, 
are considerably more expensive than unclamped 
saturating circuits. For example, in a decade counter 
having a capacity of five digits, eighty additional 
diodes are required if current-clamped flip-flops are 


()= OF THE PRINCIPAL CHARACTERISTICS which 


General Electric Co., Syracuse, 


New York 


*Electronics Laboratory, 


used in place of saturating flip-flops. It is important 
for circuit designers, therefore, to know under what 
conditions non-saturating circuits should be resorted 
to in place of saturating circuits. The principal object 
of this article is to provide both theoretical and ex- 
perimental information which will allow a circuit de- 
signer to make a choice between saturating and non- 
saturating circuits. 

At the outset of a study of this type the following 
questions arise: 

1. What transistor types should be considered? 

2. What type of circuit configuration should be in- 
vestigated? 

3. What circuit and transistor properties should be 
investigated? 

In view of the desire for high speed in most applica- 
tions it was decided that only those transistors classi- 
fied as switching devices and having a minimum gain- 
bandwidth product of 10 mc should be considered. 
Furthermore, in view of the general trend to diffusion- 
type transistors it was decided that at least one such 
type should be included in the study. Consequently, 
the germanium alloy type 2N428 and the germanium 
surface barrier diffused type 2N501 were selected as 
the medium and high frequency transistors, respec- 
tively, for use in the circuit and device studies re- 
ported below. 

The circuit chosen as both sufficiently general and 
practical to represent saturating transistor pulse cir- 
cuits is the Eccles-Jordan flip-flop configuration shown 
in Fig. 1. The circuit includes pulse transmission gates 
of the type used in series and parallel registers. It is 
designed for logic driving applications and the logic 
loads are simulated by the loading resistors Rx, each 
in series with a logic diode which is returned to a 
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battery supply. The non-saturating flip-flop is com- 
posed of the basic clamped stage shown in Fig. 2. Any 
excess base current above the amount needed for 
turning on the transistor is effectively bypassed 
through the germanium clamp diode. The storage 
properties of this diode will therefore be of interest. 

Circuit characteristics of interest include bias sta- 
bility, loading capability, trigger requirements, maxi- 
mum frequency of operation and propagation delay. 
Both bias stability and loading capability are static 
characteristics of the circuit determined by resistor 
values and the low-frequency parameters of the tran- 
sistors. Trigger requirements and speed, on the other 
hand, are dynamic properties determined by the RC 
time constants of the external networks and the high 
frequency transistor parameters. 

A complete description of the static properties of 
each of the two circuits can be obtained by finding 
the driving point characteristic after cutting the cir- 
cuit at any arbitrary point, for example as in Fig. 3. 
The characteristic is obtained by looking into the 
emitter of transistor T,. The type of curve obtained 
from such a measurement can be calculated and is 
shown in Fig. 4. If T; is initially cut off the operating 
point is at point “1,” representing one of the stable 
states of the flip-flop. At point “P” transistor T, be- 
comes conducting and emitter current begins to flow. 
Point “P!”’ denotes the condition where transistor T» 
also becomes active resulting in a negative slope due 
to the positive feedback in the flip-flop. The negative 
resistance region is terminated by either one of two 
actions: 

1. Tz cuts off before T', saturates resulting in the 
characteristic illustrated on the left-hand side of 
Fig. 4. 

2. T; saturates before T» cuts off, resulting in the 
second characteristic illustrated in Fig. 4. 


An analysis of the curves shows that the static char- 
acteristic is essentially the same for both clamped 
and unclamped circuits and may be made identical 
with small changes in resistance values. The calcu- 
lated curves were verified experimentally with excel- 
lent agreement. It is therefore concluded that no 
significant advantage in static performance is obtained 
by clamping. 

The principal interest is then directed towards the 
following dynamic properties of the circuits: 

1. Trigger requirements. 

2. Maximum pulse repetition frequency. 

3. Pulse propagation speed. 


Since the static characteristics of both saturating 
and non-saturating flip-flops are approximately the 
same, the threshold current and voltage trigger levels 
must be identical. Consequently, the only difference 
must lie in the time required for triggering. This fac- 
tor can be accounted for by considering the trigger 
charge. Table I shows the equations derived for the 
trigger charge Q, for both the saturating and non- 


Fig. 2—Current clamp. 


Fig. 3—Circuit for measuring 
driving-point characteristic, 


Fig. 4—Driving-point resistance characteristics. 
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t 
saturating circuits. The parameters of Table I are de- 


ined as follows: 


I¢— Collector current of conducting tran- 
sistor 
&— Common emitter current amplification 
Wan — Cutoff frequency of a, 
AV,— Collector voltage swing 
E.., Ez — Battery voltages; as in F ig. 1 
Vpn — Base-emitter voltage of 
transistor 
Vs — Voltage drop of silicon diode 
C.— Collector capacitance 
C,; — Load capacitance 
R;, Rx, Ry — Circuit resistance values, as in Fig. 1 
Ks — Minority carrier storage factor of tran- 
sistor 
Kgp — Minority carrier storage factor of diode 


conducting 


The trigger charge consists of two terms, namely, the 
charge necessary to cause reliable regeneration in the 
flip-flop Qr, and the charge necessary to remove the 
excess minority-carriers from the transistor Qs 
‘(saturating case) or the diode Q,p (non-saturating 
case). It is seen in Table I that the only difference in 
the trigger charge for the two cases is in the minority 
carrier storage factor of the transistor, Ky, and the 
diode, Ks». The diode clamp is therefore of advantage 
with respect to trigger requirements only if the 
minority carrier storage time of the diode is signifi- 
cantly less than that of the transistor. 

To support this conclusion a number of experiments 
were carried out. Fig. 5 shows the minimum trigger 
charge as a function of the load current I¢, calculated 
and measured, for both the saturating and the clamped 
flip-flops using 2N428 transistors. Each flip-flop has 
two transistors and the calculations result therefore 
in a pessimistic curve based on the measured high- 
frequency parameters of the poorer transistor (No. 
51) and one for the better transistor (No. 11). In the 
clamped version no significant difference is found 
using different transistors of the same type, because 
storage effects are due to the diode clamps rather 
than the transistors. It is seen that the experimentally 
measured trigger charge values lie in the expected 
regions, thus supporting the validity of the calculated 
values. It is also apparent that the saturating circuit 
requires from 3 to 7 times as much trigger energy as 
the clamped circuit, because the transistor saturation 
charge is an order of magnitude higher than the 
_ diode charge. 

Fig. 6 shows a similar set of curves using the higher 
frequency 2N501 transistors. It is noted that the trig- 
ger charge requirements are an order of magnitude 
less than for the 2N428 transistors. Using the tran- 
sistor pair No. 7 and 8, virtually no difference in 
trigger charge exists between clamped and unclamped 
circuits while for the pair No. 75 and 76, a reduction 
of trigget charge by about 2:1 is obtained because 
transistors No. 75 and 76 have a lower gain-bandwidth 
product than transistors No. 7 and 8. Again a good 


Table I Equations for trigger change for saturating and 
non-saturating circuits. 


NON-SATURATING FLIP-FLOP: 


I¢ CL 
Qtr = Gates = [(se)+ (AVc) (cot =) | 


Ecc7 (Vee + Vs) 
RL + Rx 


SATURATING FLIP-FLOP: 


Qts = QR t+Qs = 


Table II N, and C, vs. gain-bandwidth product. 
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Fig. 5—Minimum trigger charge (2N428). 


correspondence between calculations and measure- 
ments is found. 

An interesting phenomenon is the effect of col- 
lector and load capacitance on trigger charge. Due to 
these capacitances, the necessary charge to- cause 
regeneration is effectively increased, particularly for 
high frequency transistors. Table II shows a’ tabula- 
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tion of Ng ve. transistor gain-bandwidth product for 
several transistor types, where Ng is that portion of 
the regenerative charge Qp due to collector and load 
capacitance. Ng is calculated assuming a load resistor 
of 1000 ohms and assuming that the load capacitance 
portion, C,/«ap, is negligible compared to the collector 
capacitance Cy. Apparently collector capacitance has 
a significant effect on regenerative charge Qz in that 
Qe is doubled for the 2N428 and 2N501 transistors. 
The only way to reduce this term is by reducing the 
collector voltage swing. However for high gain-band- 
width transistors it may be desirable to reduce the 
trigger sensitivity to prevent noise triggering. This 
can be achieved by adding load capacity. 

The inherent maximum frequency of operation is 
not affected by transistor saturation. If the trigger 
charge is greater for the saturating flip-flop, however, 
more charge must be coupled in and hence the time 
constant of the trigger network may limit the fre- 
quency. Fig. 7 shows curves of trigger voltage versus 
pulse repetition frequency. The trigger capacitor is 
adjusted so that the flip-flop just triggers reliably 
with a 4 volt trigger pulse at low frequencies. Using 
2N428 transistors, more trigger charge is required in 
the saturating than in the clamped circuit resulting 
in higher trigger capacitors and hence a larger time 
constant of the trigger network. This in turn causes 
a poorer frequency response at high frequencies. The 
90% recovery breakpoint of the trigger network oc- 
curs at 300 ke for the unclamped and at 800 ke for 
the clamped circuit. For the 2N501 transistor, the 
trigger charge is so small in either case that the 
frequency response is limited by the discharge time 
constant of the flip-flop cross-coupling network. Thus, 
for both the saturating and the clamped circuit, the 
frequency response curves are identical. The maxi- 
mum frequency is somewhat higher for the 2N501 
circuit since the cross-coupling capacitor values were 
smaller than those for the 2N428 circuit. 

Next a comparison of signal propagation times is 
considered. Pulse propagation time is defined as the 
time required to transmit a pulse from input to output 
and is the signal delay introduced by the flip-flop in 
a logic circuit. In a serial counter, for example, the 
average propagation time per stage is the total delay 
divided by the number of counter stages. The ex- 
pected propagation time is the time required to pass 
the trigger charge, Q7, from one state to another. 
Table III shows the equations for the current ip gen- 
erated by a square pulse from a voltage generator of 
magnitude E, through a capacitor Cy, into a circuit 
with a total series resistance Ry and the time tp re- 
quired to pass the charge Q, through the capacitor. 
In a serial counter, Ey is approximately the collector 
voltage swing of the flip-flop and Rg is the sum of the 
base spreading resistance 7,’ and the impedance look- 
ing into the collector of the driving stage. In a saturat- 
ing flip-flop, this impedance is the collector saturation 
resistance which is usually very small compared 
with r,’. In a clamped flip-flop, the resistance seen 
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Fig. 6—Minimum trigger charge (2N501). 
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Fig. 7—Trigger voltage vs. pulse repetition frequency. 


Table 11I—Current Equations. 


TRIGGER CURRENT: 


DELAY TIME: 


tp = R Cr In [ en AE PES | 
: I— (Qr/E7 Cr) 


at the collector is approximately the sum of the 
clamping and reference diodes plus the base-spreading 
resistance of the transistor. Hence, for a saturating 
flip-flop, Rs ~ r;/ while for a clamped flip-flop, 
Rg ~ 2r,’ (neglecting the clamp and reference diode 
resistances). Thus it appears that the advantage of the 
clamp must be strong enough to reduce the trigger 
charge by a factor greater than two if any advantage 
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Table IV—Summary of Average Experimental Results. 


)DYNAMIC CIRCUIT PROPERTY 


DYNAMIC CIRCUIT PROPERTY _| 


SREPETITION RATE (5V. TRIGGER) | 


1.7 MC* 
* LIMITED BY FLIP-FLOP COUPLING- NETWORK TIME CONSTANT. 


*x* LIMITED BY TRIGGER-NETWORK TIME CONSTANT. 


is to be gained in propagation time by using clamped -6V —1.5V 
stages instead of saturating stages. 

For experimental verification the delay through a 
five stage serial counter was measured. The counter 
is loaded by a logic load, as shown in Fig. 8, with a 
variable load current. Fig. 9 shows the measured de- 
lay per stage as a function of load current using 
2N428 transistors. As was found earlier, clamping 
resulted in a large reduction of trigger charge and 
hence clamping reduces the delay time by approxi- 
mately 2:1. For the 2N501 transistor, essentially no C C2 C3 C4 Cs 
advantage in trigger charge was found to exist. Con- 
sequently, the smaller collector resistance of the 
saturated transistor should reduce the delay time in 
the saturated flip-flop below the value in the clamped 
flip-flop. This expectation is confirmed in the curves 
of Fig. 10 where the propagation delay per stage 
using 2N501 transistors is shown. 

It is therefore concluded that clamping results in at | PULSE RER RATE: 100K 
an improvement of pulse propagation only if the | Sanaa eam "oie, 
clamp reduces the necessary trigger charge by a factor 
of at least 2:1. SATURATING 


Tix 


Fig. 8—Counter loading circuit. 


Conclusions 

In conclusion, the relative performances of saturat- 
ing and current-clamped (or Baker-clamp) flip-flops 
have been compared with regard to such properties 
as stability, loading capability, pulse repetition fre- 
quency, trigger energy requirement and pulse propa- 
gation time. It is shown both theoretically and 
experimentally that the two-terminal driving point re- 
sistance characteristics of the saturating and current- 
clamped circuits are virtually identical and hence the Thy (MA) 
static properties, e.g., stability and loading capability, 
are the same for most practical purposes. The saturat- Fig. 9—Propagation time per stage (2N428). 
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ing circuit has a small advantage insofar as its col- 
lector-to-emitter voltage drop, when conducting, is 
approximately one-half volt less than for the clamped 
circuit, and consequently the saturating circuit may 
be loaded a little more. 

The clamped circuit is advantageous in dynamic 
performance only when the minority-carrier storage 
factor of the clamping diode is less than the sto1age 
factor of the transistor. Using clamping diodes of the 
S347G and S555G types, the clamped circuit was 
definitely superior in dynamic performance to the 
saturating circuit when transistors of the 2N428 class 
were used. However, the clamped circuit showed 
little or no advantages when the 2N501 transistor 
was employed. The average experimental results 
obtained for the logic driving flip-flops discussed are 
summarized in Table IV. 
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Fig. 10—Propagation time per stage (2N501). 
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A New Technique For Computer Switching 


CARL M. CAMPBELL, JR.* 


Many solid-state computer switching techniques have been devised, each better than the 

others for certain set of requirements. A new and rather different switching technique is 

here presented, which is quite favorable for many applications. First, the operating condi- 

tions for which it is intended are described. Then the technique itself is explained. Finally 
an example is given of its application. 


ECAUSE OF THE WIDE VARIETY of requirements for 
iba computers (size, environment, speed, 

etc.), many different switching circuitry tech- 
niques have come into use, each best suited to a 
certain combination of factors. This paper deals with 
a circuitry technique which is quite advantageous 
under certain conditions. These conditions are small 
physical size for the overall computer, medium fre- 
quency rates (for computation in the 500 ke range), 
operation over a wide temperature range (up to about 
80° C.), low cost, and high reliability. These condi- 


*Burroughs Corporation, Great Valley Laboratory, Paoli, 
Pennsylvania. 


tions are found in many military applications; for 
example, aircraft or submarine installations. 

The purpose of this paper is to describe how the 
technique evolved, how it operates, and how it can be 
applied. The characteristics of the technique, which 
are applicable to the above conditions, are as follows. 
First, relatively few components (especially tran- 
sistors) are required, and all components are common, 
moderately priced items. This reduces cost and physi- 
cal size and improves reliability, since there are fewer 
parts to fail. Second, all transistors are either off or 
saturated; transistor dissipation is always small, mean- 
ing that the units can operate at close to their storage 
temperature. Third, unlike practically all other solid- 
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state saturating techniques, transient response does 
‘not deteriorate with increased temperature. Thus, the 
computer can maintain a fairly high frequency over 
4 the entire temperature range. 


Evolution 


This technique evolved from an attempt to determine 
a minimum-cost, minimum-component switching sys- 
_ tem from a study of typical computer logic. Normally, 
only about four levels of gates are used from the 
output of one flip-flop to the input of the next. In 
addition, most flip-flops are reset in groups, but set 
individually through gates. Also, in most cases, only 
the one output of the flip-flop is used. Finally, flip-flops 
practically always drive and gates, though they may 
be driven from either and or or gates. 

To have a minimum-cost system, it appeared that 
diodes rather than transistors should be used for 
gating. In a diode-gating system, the current decreases 
very rapidly (much more so than voltage) as the 
signal propagates through successive stages. There- 
fore, if a simple flip-flop having very high current 
gain could be developed, transistors which would 
normally be used purely for amplification purposes 
could largely be eliminated. Such a flip-flop should 
have the following characteristics. First, it should 
have very high current gain (as well as voltage re- 
generation), especialy from set input to one output. 
The current output should be in such a direction as 
to drive and gates. Second, it should use as few com- 
ponents as possible. Actually, the zero output could be 
omitted if component savings would result. Third, all 
transistors should saturate when on to assure low 
power dissipation; hence, higher ambient operating 
temperature. 

We will now consider the actual circuitry to see 
how it achieves the above characteristics. 


Operation 

The flip-flop circuit is shown in Fig. 1. Only three 
transistors, three resistors, and four diodes (one of 
them a silicon “stabister”) are used. The operation of 
the circuit is as follows. Let us assume that T>» is off. 
Because of the current path from plus 20 volts 
through the 2K resistor, the stabistor, and the diode 
to ground, D;, the emitter of Ts will be at approxi- 
mately ground potential. Because of its high forward 
drop, the anode of the stabistor will be at approxi- 
mately plus 0.7 volts. If we further assume that both 
the set and the reset terminals are in the zero state 
(minus 6 volts on the former, and minus 3 volts on the 
latter), the effect is to cause the conduction of diode 
Dz, and the conduction and saturation of T;. If we 
assume a 0.4-volt drop across the conducting diode, 
and a 0.2-volt (collector to emitter) drop across the 
saturated transistor, the base of T» will be at plus 0.1 
volt with respect to the emitter. Hence, T2 is held off 
as initially assumed. All that is required for this con- 
dition is that the drop across the stabistor equal or 
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Fig. 1—High gain flip-flop. 


exceed the drop across the conducting diode, D2, and 
the saturated transistor, T,. The flip-flop is hence 
stable, and is in the one state. 

Now let us assume, under the conditions just de- 
scribed, that the anude of D, (reset terminal) sud- 
denly rises from minus 3 volts to plus 3 volts, indicat- 
ing the presence of a reset pulse. Since the emitter of 
T,; cannot be more positive than about plus 0.5 volt, 
D, will conduct causing T; to become back-biased 
and rapidly turn off. As T, turns off, the base of T» 
will go negative, followed by the emitter of To, until 
both junctions reach minus 6 volts, at which point the 
transistor is saturated. When the emitter of T. reaches 
minus 6 volts, the anode of the stabistor cannot be 
more positive than about minus 5 volts. Thus, even 
after the reset pulse goes away, and the reset terminal 
returns to its normal level of minus 3 volts, there is 
no way for Dz and T,; to begin conduction because of 
this 2-volt back bias. The flip-flop is now stable in the 
zero state, which corresponds to an output voltage of 
minus 6 volts. Note that the flip-flop has the ability to 
draw a very large current from the load under these 
conditions. This current flows from the load through 
Ts to minus 6 volts. 

Under the above set of conditions, let us assume 
that the base of T; rises from minus 6 volts to ground, 
indicating the presence of set pulse. This will cause 
the emitter of Ts, and hence the emitter of T;, to rise 
to ground also. Since the anode of D, is assumed still 
at minus 3 volts, ground on the emitter of T, will 
cause it to conduct. T; will saturate, thus bringing the 
base of T. to ground. The emitter of T» will follow and, 
when the emitter reaches ground, the anode of the 
stabistor will be at about plus 0.7 volt. This will cause 
the conduction of Ds, which will keep T, conducting 
even after the base of Ts; returns to minus 6 volts 
upon the termination of the set pulse. Thus, the flip- 
flop has returned to the one state where this descrip- 
tion began. 

From the preceding description, the features of the 
circuit can be easily seen. It is clear that few compo- 
nents are required for the circuit. All of these com- 
ponents are conventional, moderately priced items. 
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Furthermore, the stabistor may be replaced by a re- 
sistor; however, about a 25 percent decrease in cur- 
rent gain will result. It is also possible to replace Ts 
with a diode, although to do so decreases current gain 
considerably. 

Output current is high, with a “worst case” value of 
50 milliamperes or greater, depending upon the tran- 
sistors used. This current is in the direction to drive 
diode and gates, as will be seen later. Input current 
required at the set terminal is approximately 0.5 ma., 
and at the reset input about 1 ma. Thus, the current 
gain from set input to output is about 100. Transition 
time for the circuit is approximately 0.6 microsecond 
on setting, and 0.2 microsecond on resetting, though 
the former time can be considerably reduced (down 
to about 0.15 us) by increasing the input current at 
the set terminal. 

The circuit has the capability to be set with a pulse 
of the same type which it generates, though the reset 
pulse must be shifted in level. This need for a special 
reset circuit to shift the level (in the simplest case it 
need be only a capacitor) is not serious, as it is com- 
mon to reset many flip-flops together, so one reset 
circuit can suffice for many. Good noise insensitivity 
and good voltage regeneration are further features 
of the circuit. When a set pulse is applied, it need only 
be more positive than minus 3 volts to cause the 
switching of T; and hence of the flip-flop. However, 
if it is not more positive than minus 3 volts the flip- 
flop will remain unchanged. Thus, the circuit con- 
siders any level on the set input below this reference 
level as a zero and any level above the reference as 
a one. Thus, the input signal can become very deteri- 
orated and still properly control the flip-flop. The 
output is the full 6 volt swing under all conditions. 
It should also be noted that during the simultaneous 
presence of a set and a reset pulse, the circuit will 
always be in the zero state. This capability of being 
able to “inhibit” the flip-flop by a reset pulse is often 
logically useful. 

As has been pointed out, transistors are saturated 
while on. This means low dissipation. In most saturat- 
ing circuits, the turn-off time of the transistor in- 
creases with temperature and causes a decrease in 
transient response. This is not so in the case of this 
circuit. All transistors when on are turned off by a 
large reverse base current pulse, so that turn-on time, 
rather than hole storage time, is the main factor 
governing transition speed. Since turn-on time does 
not increase at higher temperatures, neither does the 
transition time of the circuit as a whole. 

The flip-flop just described is especially designed to 
drive diode gates. Fig. 2 shows a typical diode and 
gate and a diode or gate suitable for use in this system. 
By a proper choice of resistors, a gate can drive and 
gates, or gates, and flip-flops. The flip-flop can drive 
and gates directly, since this type of gate requires a 
driving circuit which pulls current from it. The flip- 
flop can be made to drive or gates with the addition 


of a resistor, although this necessity seldom arises. 

Thus far the operation and features of the circuit 
have been described. Next, applications of the circuit 
will be considered. 


Applications 

The principle of a high-current-gain flip-flop driving 
diode gates is quite applicable to computer logic in 
general. However, it is especially well suited for use 
in registers, which is where the majority of flip-flops 
are generally used in a computing system. In an 
ordinary type storage register, all stages can be simul- 
taneously reset, and the new information gated in. 
Thus, only one reset circuit is needed for the entire 
register. Since registers usually drive many gates, the 
high-current output of the flip-flop and its relatively 
few parts make it ideal for this type of application. 

The technique is also very well suited for shift- 
register applications. A special shifting technique has 
been devised which takes advantage of the character- 
istics of the flip-flop. This is indicated logically in 
Fig. 3 and electrically in Fig. 4. Each stage of the 
shift-register is composed of two flip-flops and two 
and gates. The two flip-flops in any vertical line are 
both for the same stage. During any given time inter- 
val between shift pulses, one flip-flop of the pair is 
transmitting to the next stage, while the other is 
receiving from the preceding stage. The next shift 
pulse serves to reverse this situation; that flip-flop 
which had been receiving from the preceding stage 
now transmits to the next, whereas that flip-flop of 
the pair which had been transmitting to the next stage 
now receives from the preceding. Because any stage 
has the capability of simultaneously transmitting and 
receiving information, the information has actually 
been shifted prior to the shift command, and so can 
be read out almost immediately after the shift com- 
mand has been received. If parallel outputs are re- 
quired after every shift pulse, the or gates indicated 
by dotted lines must be included. If parallel outputs 
are required only occasionally, they may be taken 
directly from either the upper or the lower line of 
flip-flops as indicated. The pulses which must be 
generated to actuate the shift-register are also indi- 
cated in Fig. 4. The amount of logic necessary to 
generate them is small. Only two reset circuits are 
required for the entire register, one for the upper 
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Fig. 2—Typical diode gates. 
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Fig. 3—Shift register and shift register control pulses. 


line of flip-flops, and one for the lower. The circuit 
schematic (Fig. 4) of the shift-register shows that 
there are no reactive elements at all used in the 
register. It is felt that the elimination of these reactive 
elements makes a more reliable system from the point 
of view of transient errors than would otherwise 
result. 

Conclusions 


No one circuitry technique is ideally suited to all 


RESET 
"a! 


Fig. 4—Shift register circuitry. 


situations. Where it is required to have a system with 
as few components as possible, with good transient 
response over a wide temperature range and at a low 
cost, the technique of using a high-current-gain flip- 
flop with diode gates is quite favorable. The flip-flop 
presented in this article is well suited for this applica- 
tion. It is especially well suited for use in registers 
and shift-registers. 


Measurement of Switching Transistor Parameters* 


R. C. JOHNSTON** 


R. L. BURKE** 


A system of transistor test sets has been developed which combines speed in loading with 
accuracy in both the d-c and high-frequency tests. The transistors are loaded into a ten- 
socket cartridge which is then inserted in sequence into the tests. Circuit diagrams are 
given for eleven test sets, and the mechanical design of the cartridge and test sets is 


illustrated. 


HE TRANSISTOR SECTION oF Group 53 (formerly 
63) of the Lincoln Laboratory has for the past 
seven years been engaged in an extensive 


*The work reported in this paper was performed by Lincoln 
Laboratory, a center for research operated by Massachusetts 
Institute of Technology with the joint support of the U. S. 
Army, Navy, and Air Force. 


**M.I.T., Lincoln Laboratory, Lexington, Massachusetts. 


switching-transistor testing and evaluation program. 
Under the direction of Dr. D. J. Eckl the section has 
aided manufacturers in evaluating developmental 
transistors and has offered suggestions for changing 
the construction to give better switching character- 
istics and especially lower hole storage. The primary 
application of the transistors is in a high-speed, ex- 
perimental digital computer, so most of the units 
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tested are in the 50 mc. range and above. However, 
many transistors go into core and magnetic-film 
memories, and into drivers for the in-out equipment, 
so just about the entire frequency and power spectrum 
of switching transistors is encountered. 

The number of transistors received has risen from 
255 in 1952 to 50,070 in 1958. The methods of testing 
were revised almost continuously during this time to 
improve testing speed, accuracy and sophistication. 

The measured data on experimental transistors and 
on about 10 percent of the transistors received in large 
quantities is recorded on file cards. The remaining 
transistors are tested on a go, no-go basis. Some units 
are re-measured after being life tested. The resulting 
mass of data is placed on punched cards and analyzed 
by a card machine. The results of this testing and 
analysis make possible the evaluation of new tran- 
sistor types and the prediction of operating life of 
transistors in circuits. 


Static Parameters 

There are nine static-parameter test sets in use. 
Briefly they are as follows: 1) d-c a, 2) High-current 
6 (measured pulse-wise), 3) I, sat (I, at specified 
V.- and I,) and also a measurement of V;, under the 
same conditions, 4) I.» and I,.», 5) Punch-through 
voltage, 6) Diode breakdown voltages V., and V,» as 
well as open-base V,., 7) Avalanche voltage (open- 
base V,,) measured at 1 ke, 8) A Tektronix 575 curve 
tracer, and 9) A Librascope graphic curve plotter. 

The first four tests are done on practically every 
transistor while the rest are used as needed. Simplified 
circuit diagrams are shown in (Figs. 1-7). All tests 
include a p-n-p, n-p-n switch which reverses all supply 
and meter polarities. Extensive use is made of the 
Electronic Measurements Co. Model 212A, a reason- 
ably priced 100ma., 100v. regulated supply which is 
capable of regulating down to zero volts and of being 
controlled externally. For instance the I, .: test re- 
quires a 150 mv supply regulated from 0 to 50 ma. 


Dynamic Parameters 


There are five tests used to measure the transient 
behavior of switching transistors. Briefly they are: 
1) t;, a storage-time test which measures the time to 
recover from an operating point very deep into satura- 
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Fig. 6—V 2, Very Veo test. 
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i) tion, 2) K,’, a storage-time test which measures the 
4) charge stored in the base, 3) fr, or gain-bandwidth, 
4) A Tektronix type-R rise-time plug-in unit, and 


7 5) tz, an effective baselifetime test (after Giacoletto 


and Lederhandler’). 

The first three tests are performed on most tran- 
sistors while the remaining two are used as needed. 
Simplified circuit diagrams are shown in (Figs. 8-11). 
The t, test is the basic storage-time test. The formula 
of Ebers and Moll? may be used to predict the storage 
time under conditions of different current drives. This 
test measures t, down to about 10mu sec. In 1956 the 
need for a faster production hole-storage test arose, 
and with the cooperation of the Phileo Research Di- 
vision, the K’, test was developed. The charge stored 
in the base is measured by transferring it onto a 
capacitor and measuring the voltage. The results cor- 
relate fairly well with the rt, test. For more details, 
refer to a 2N393 specification sheet. 

The fr test measures h,,. the common-emitter cur- 
rent gain. The product of h;, and the frequency of 
measurement is then fy as long as the measuring fre- 
quency is between the common-emitter and common- 
base cut-off frequencies. The test may be made by 
setting the frequency and measuring h,, or vice-versa. 
The alpha cut-off frequency is not measured in this 
laboratory because it is difficult to measure accurately, 
and because the common-emitter rise time depends 
on fr and not f,’. f, equals 1.2 fy for an ideal, homo- 
geneous-base transistor and as much as twice fr for 
some graded-base transistors. 


Mechanical Design 


In 1956 a multitester was developed that could give 
25 transistors seven static tests. The transistors and 
tests were changed by stepping relays. This method 
was satisfactory for the static tests, but the long leads 
prevented its use for the dynamic tests. Much testing 
time was consumed placing the transistors in the 
sockets of the individual tests. The solution to the 
problem was a 10-transistor cartridge which could be 
used in the individual tests. Short leads are main- 
tained, and the transistors have to be placed in sockets 
only once. The cartridge, shown in (Fig. 12), consists 
of 17-gauge, hollow-needle stock molded in epoxy. The 
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Fig. 12—10 transistor cartridge. 


needles have a bend in them to grip the transistor 
leads. An improved model with lower inter-lead ca- 
pacity is under development. It will be hollow and 
have wider lead spacing at the bottom. 

The cartridge-shifting mechanism is shown in Fig. 
13. A push on the lever advances the cartridge one 
notch, and the needles slide into the socket of the test 
box. The test chassis may be removed from the shift- 
ing mechanism for modification or repair. The I, gq: 
and high-current B tests are shown in Fig. 14. No 
meters are used for the latter test, so a chart convert- 
ing base current to B was installed on the chassis. 

The testing rate has been estimated to be 600 tran- 
sistors per hour. This figure is for four technicians 
loading and unloading the cartridges, and using seven 
test set-ups on a go, no-go basis. 
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Until very recently most of the 
testing done on electronic compo- 
nents and circuits depended on the 
indication or measurement of voltage 
as the major parameter. All the 
vtvm, multimeter and oscilloscope 
applications stress voltage rather 
than current. The reason for this 
concern with voltage can be easily 
understood when we remember that 
vacuum tubes, which used to be at 
the heart of any electronic equip- 
ment, are basically voltage sensitive 
devices. Only since the industry has 
_ turned to semiconductors and mag- 
netic devices have we seen more 
emphasis on the measurement of 
current. This is due to the fact that 
the magnetic circuits and semicon- 
ductors are basically current sensi- 
tive devices. 

A typical instance of the change 
from the consideration of voltage to 
a preoccupation with current is in 
the use of laboratory type power 
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Fig. 1—Basic constant current circuit. 


Constant 
Current 
Generator 


Fig. 2—Measurement of forward volt- 
age drop of a rectifier. 


Oscilloscope 


Constant 
Current 
Generator 


TY, Voltage equivalent ot mod current 


Modulation 
Input 


Fig. 3—Oscilloscope display of rectifier 
forward characteristics. 
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supplies. For vacuum tube applica- 
tions it was essential that the B+ 
voltage remain constant with changes 
in load current, while in transistor 
circuits constant current is an im- 
portant power supply characteristic. 
A quick comparison between a tube 
and a transistor manual will show 
that in the former voltage appears 
as the major parameter while for 
transistors the various currents are 
the vital statistics. Where we applied 
a bias voltage to the grid of a tube, 
we now inject a bias current into 
the base of a transistor. Wtih the 
increasing use of Zener and other 
diodes, as well as magnetic devices, 
current has emerged as a parameter 
of first importance. This has given 
rise to the development of an en- 
tirely new family of equipments— 
the constant current devices, which 
are the subjects of this article. 

A constant current source is es- 
sentially a constant voltage power 
supply with a variable series imped- 
ance as illustrated by Fig. 1. The 
load current is kept constant regard- 
less of changes in the load resistor. 
This is possible only if the series 
impedance is varied to compensate 
for variations in the load. If the 
power supply voltage is fixed, then 
the load voltage can range from 
zero up to the supply voltage, de- 
pending on the load _ resistance 
while the current remains constant. 
The concept of the variable series 
impedance, variable load and con- 
stant current is basic to an under- 
standing of constant current test 
methods and many semiconductor 
characteristics. 


Constant Current Applications 


Before discussing some _ typical 
constant current equipments, a few 
examples of frequent applications are 
in order. When rectifiers are tested, 
whether in the laboratory or the 
production line, the important char- 
acteristics include the peak inverse 
voltage, the forward voltage drop for 
a given current, and the forward 
dynamic resistance. Occasionally, the 
forward characteristic curve of the 
rectifier is observed to check the 
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Constant Current Testing 


voltage drop vs. forward current. All 
of these tests can be done efficiently 
when a constant current source is 
used with standard meters. Fig. 2 
shows the test set-up for measuring 
forward voltage drop at given cur- 
rent values. The switch in Figure 2 is 
kept closed until the rectifier is in 
the circuit so that sudden transient 
voltages cannot damage the rectifier. 
While the voltmeter indicates the 
forward voltage drop across the rec- 
tifier, the desired current is set at 
the constant current source. A typi- 
cal constant current supply delivers 
anywhere from 1 microampere to 
100 milliamperes with an absolute 
accuracy of 0.02%. 

Peak inverse voltage can be meas- 
ured by applying a current of re- 
verse polarity to the rectifier and 
measuring the voltage across the rec- 
tifier. Because the current will be 
constant, regardless of the rectifier 
impedance, damage due to Zener 
breakdown will be avoided. The only 
requirement for this test method is 
that the constant current generator 
be capable of supplying the voltage 
levels corresponding to the peak in- 
verse voltage of the particular rec- 
tifier. 

To measure the forward dynamic 
impedance of a rectifier at a specific 
test current the same circuit as that 
shown in Fig. 2 is used, but a small 
sinusoidal a-c current is superim- 
posed on the rectifier by modulation 
of the constant current generator. 
An a-c voltmeter is used to measure 
the a-c voltage drop across the rec- 
tifier. The forward dynamic resist- 
ance is then found by Ohm’s law as 
the ratio of the rms voltage to the 
rms current component. 

To get an oscilloscope presentation 
of the forward characteristics of the 
rectifier, the test set-up shown in 
Fig 3 would be used. The rectifier 
voltage is applied to the vertical 
input while a sine wave signal pro- 
portional to the a-c current is applied 
to the horizontal terminals. The plot 
then shows instantaneous rectifier 
voltage versus forward current. 
Zener diodes, transistors and even 
computer type diodes can be tested 
in a similar manner. 


AT 


In addition to the above applica- 
tions in semiconductor work, con- 
stant current sources are also very 
useful in magnetic component and 
circuit testing. The magnetic flux in 
a given coil is strictly a function of 
the current through the coil, regard- 
less of voltage. As the coil heats up, 
the resistance increases which tends 
to reduce the current through it. 
When such a coil is connected to a 
constant current source, stable mag- 
netic performance is assured, regard- 
less of the thermal effect. In many 
types of transformers, toroid devices 
and other electro-magnetic compo- 
nents, the characteristics of the mag- 
netic material must be investigated. 
Here again the current rather than 
the applied voltage is important and 
constant current sources are often 
the best means of testing magnetic 
components. A typical example of 
this is a method for testing ferrite 
memory cores in which Westing- 
house uses a constant current source. 
Some of these current supplies can 
be pulse modulated with rise times 
as fast as 30 microseconds, and this 
permits testing under current pulse 
signals. 

Still another application of the 
constant current source is in the field 
of optics. Filaments of precise optical 
lamps must be supplied with ex- 
actly known, constant current, re- 
gardless of the heating effect. In 
optical pyrometers, spectrographic 
instruments and colorimeters, the 
exact color of a reference light is 
determined by the current passing 
through its filament and for this rea- 
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Fig. 4—Block diagram of 
current source. 
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Fig. 5—Hinged subchassis facilitates 
maintenance. (North Hills Electric Co.) 
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son constant current generators are 
used here. 

Torque motors used in conjunction 
with synchro systems usually main- 
tain constant torque by means of a 
constant current through the d-c 
windings and here again constant 
current supplies are used. There are 
numerous other, more unique appli- 
cations of these devices, but as a 
matter of practical value, their great- 
est use occurs in the semi-conductor 


field. 


Basic Circuit 


The block diagram of Fig. 4 shows 
the major components of a typical 
constant current supply. The d-c 
power supply is usually simply a 
voltage regulated d-c supply which 
feeds the series regulator and the 
load. The output current passes 
through the sampling network and 
the voltage drop at that point is ap- 
plied to the d-c amplifier which com- 
pares it with the reference voltage. 
The amplified difference controls the 
series regulator impedance and 
thereby keeps the output current at 
the desired value. This value could 
be selected either by switching the 
sampling network or by varying the 
reference. 

In some of the units the amplifier 
is a transistorized, straight d-c type 
with sufficient negative feedback to 
be stable, while in more precise cur- 
rent sources the differential ampli- 
fier uses a chopper to generate an 
a-c signal which is then amplified 
without the problems of d-c drifting. 
Considering the absolute accuracy of 
0.02% required in output current, 
the amount of drift permissible in 
the voltage reference and amplifier 
dictates a very stable circuit. 

Modulation of the output current 
is accomplished by impressing the 
modulating signal across a resistor 
which is in series with the error 
voltage as shown in Fig. 4. This 
small variation is amplified suffici- 
ently to vary the impedance of the 
series regulator accordingly and pro- 
duce a current variation exactly like 
the modulating signal. Generally, 
this resistor is small and any modu- 
lator must therefore have low output 
impedance. As mentioned before, by 
using complex waveshapes for the 
modulating signals, currents cor- 
responding to the modulating 
waveshapes can be generated. Pulse 
currents are especially useful in de- 
termining transistor peak currents 
with varying duty cycles and without 
danger of destroying the component 
under test. For this application, the 
modulating signal must be applied 
with such a polarity that, in the ab- 


sence of signal, zero current flows 
while the peak current pulse ampli- 
tude is determined by the adjustment 
of the sampling network in the con- 
stant current supply. 


Actual Equipment 


Like most commercial test equip- 
ment the various constant current 
sources now on the market are de- 
signed for standard rack mounting 
and use conventional, high quality 
construction. In almost all units con- 
siderable amounts of power must be 
dissipated and the chassis layout and 
component arrangement is therefore 
intended for the most efficient heat 
dissipation. Where power transistors 
are used they are usually mounted 
on specially designed heat sinks and 
frequently forced air cooling is 
added as well. 

A typical construction technique 
which facilitates maintenance is il- 
lustrated in Fig. 5. Here the sub- 
chassis containing the regulator and 
amplifier sections is hinged at the 
rear of the main chassis and swings 
away for easy access to the tube 
sockets. The transformers and chokes 
are mounted on the front panel to 
avoid having the center of gravity 
at the rear of the unit. Precision re- 
sistors making up the switchable 
sampling network can be seen on a 
terminal board at the rear of the 
main chassis. This construction has 
the added advantage that the hottest 
components, the tubes, are located 
at the rear of the case, close to the 
ventilating holes, and do not con- 
tribute their heat to the other cir- 
cuit parts. 


Conclusion 


Although constant current sources 
are not yet as widely used as their 
constant voltage equivalents ,it seems 
certain that the utility of this new 
device makes it an important tool 
in the semi-conductor field. Design 
engineers who have turned from 
vacuum tube circuits to transistors 
were required to change from a volt- 
age point of view to the concept of 
current as a major parameter. This 
same change is also necessary in the 
test and measurement field. Constant 
current supplies, with suitable mod- 
ulation, can serve as the cornerstone 
in setting up a whole system of tests 
and measurements for all types of 
semi-conductors. The other test 
equipment, such as scopes and met- 
ers, is usually already on hand and 
the reader will be familiar with it. 
Constant current generators, how- 
ever, are relatively new and deserve 
some study as to their operation and 
various features. 
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Molecular Electronics 
Function Blocks’ 


ESTINGHOUSE IS now producing a variety of 
W rece electronic “function blocks,” three 

of which are shown in Fig. 1. These are solid- 
'state elements that achieve, entirely within them- 
selves, electronic results such as have been gained 
only by assembling many, varied items of electronic 
hardware. Because of this, these elements are not in- 
tended as “components,” as when reference is made 
to transistors and tubes, but rather as “subsystems.” 
Examples of functions performed by function-blocks 
are such electronic operations as amplification, oscil- 
lation, and telemetering. 

There are no internal connections or components, 
within these elements, and the only external connec- 
tions needed are those for coupling inputs and outputs 
to make up the complete system. 

Eight classes of function blocks have been devel- 
_ oped to demonstrate the feasibility of molecular elec- 
tronics at frequencies ranging from infrared to direct 
current. These function blocks are: (1) a 5-watt di- 
rectly cascaded audio amplifier, (2) a two-stage video 
amplifier, (3) a frequency selective amplifier with 
notch filter in a feedback loop around the amplifier 
structure, (4) a variety of multivibrators—histable, 
monostable and astable, (5) a variable potentiometer 
based on logarithmic addition of two inputs, (6) a 
variety of multiposition switches (including an “OR” 
switch, a multiple n-p-n-p Dynistor switch, and a mul- 
tiple n-p-n-p Trinistor switch with firing electrode), 
(7) an analog-to-digital converter employing an 
n-p-n-p relaxation oscillator, and (8) a two-stage 
cooler, employing the Peltier effect, covering frequen- 
cies from 1 cycle or less to 3 megacycles, for cooling 
infrared detectors to proper operating temperatures. 

As the basis for these molecular electronic subsys- 
tems, a very substantial knowledge of solid state 
phenomena has been developed over the past 30 
years. It is simple now to create material having ex- 
cessive positive or negative electrical charges and, by 
placing these materials in physical contact with re- 
lated materials, to bring about such phenomena as 
rectification or amplification, as in diodes and transis- 
tors. Also, advantage can readily be taken of the 


*This represents a condensed version of a talk, “The Concepts 
and Capabilities of Molecular Electronics”, by Dr. S. W. Her- 
wald, Vice President-Research, Westinghouse Electric Corpo- 
ration, at Washington, D.C. on Jan. 21, 1960. 


Fig. 1—Three of eight molecular electronic function 

blocks demonstrated as subsystems. Device bearing con- 

centric arcs is an audio amplifier, at center is a free 

running multivibrator, and at right, a two-stage video 
amplifier. 


ability of radiation to cause charge paths to occur in 
a semiconductor material along which current will 
flow when the material is irradiated. 

Effects of this general type are used in molecular 
electronic blocks by creating—usually in single crys- 
tals—a number of distinct operative domains, which 
can be regarded as molecular “communities” having 
a common civic purpose, in that each domain will 
sustain a desired electronic occurrence. The domains 
border one another at boundaries called interfaces, 
which are like political frontiers in their ability to 
initiate phenomena different from those occurring in- 
side the molecular domains. 

As a simple example, in the element diagrammed 
in Fig 2, we see that it is composed of two domains 
which meet physically at one interface. One of these 
domains is composed of a resistive material selected 
and shaped to present a resistance R, to the passage 
of current; the other domain is also resistive, but is 
so planned that it has a resistance R2. At the interface, 
the interaction between domains causes a capaci- 
tive effect. Thus, in one tiny element we have a sub- 
system equivalent to a time-delay circuit. 

Another illustration of the uses of domains and in- 
terfaces is a function block designed as an a-c to d-c 
power supply for transistor circuits. It makes use of 
the Seebeck effect for the thermoelectric generation 
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of electricity to convert 110-volt alternating current 
to 9-volt direct current power. Using molecular elec- 
tronic methods, we have a function block comprised 
of the three separate domains. When a-c power is ap- 
plied to the resistive domain, the heat that is gener- 
ated passes through the domain at the center—this 
domain is an electrical but not a thermal insulator— 
and into the thermoelectric domain where the energy 
is converted into electrical energy by the Seebeck 
effect. By proper control over the materials used, we 
provide the 9-volt d-c output we desire. An interest- 
ing aspect of the power supply is that elimination of 
ripple as an undesirable variation in voltage is in- 
herent since heat flows from the resistive domain to 
the thermoelectric domain at practically a constant 
rate. 

As these two examples suggest, the concept of mo- 
lecular electronics makes no use of the traditional 
circuit-and-component approach to electronics. In- 
stead, the objective is to use our knowledge of the 
structure of matter to synthesize monolithic function 
blocks whose arrangement and composition permit 
each to serve as a substation to perform an electronic 
function in the control or transformation of energy. 

To achieve function blocks with this capability, a 
number of effects and phenomena of the solid state 
are available. The only firm limitations on choice are 
that the effect must not react adversely on system re- 
liability and must lend itself to consistent results 
when included in a funcion block. Methods typical of 
practice so far include: solid-state phenomena, such 
as Seebeck generation, Peltier cooling, and Hall-effect 
multiplication; the use of p-n semiconductor junctions 
arranged to produce a result which would otherwise 
require numerous individual components; and when 
necessary, fabrication of circuit elements within a 
function block. Although such phenomena will be 
most often used for the control of electrical signals, 
they will also be suitable when quantities like electro- 
magnetic radiation, heat, and mechanical displace- 
ment are inputs or outputs. 

The design of a subsystem begins with the design- 
er’s analysis of the requirements of the system, to 
establish the functions to be performed by the func- 
tion block. After logic processes are determined and 
suitable physical effects settled upon, a topologist— 
a mathematician who works with shapes—determines 
the structure of the block by designing, on paper, the 
arrangement of domains and interfaces that is to con- 
trol the flow of energy in the block. The block is then 
produced by the materials engineers who use germa- 
nium and silicon as the basic semiconductor materials. 

In producing these blocks we do not assemble them 
from various tiny components. Rather, we start with 
a basic semiconductor wafer and produce the neces- 
sary domains and interfaces by techniques used in 
the production of conventional semiconductor devices, 
including diffusion, plating, electron beam machining, 
etching, cutting, radiation, alloying, and photographic 
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Fig. 2—Schematic drawing of function block of two re- 
sistive domains and one capacitive interface, whose total 
effect is that of an RC or time-delay circuit. 
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Fig. 3—Schematic drawing of a-c to d-c power supplies 

showixg (right) molecular element with resistive, elec- 

trical-insulating, and thermoelectric domains and (left) 

conventional method using transformer, diode, and filter 
circuit. 


processes. Although the function block so produced 
can now perform its function, additional processing 
steps are required to encapsulate the block, protect it 
against shock and vibration, and make it stable under 
the conditions of temperature and radiation it will 
encounter. 


Fig. 4—A molecular electronic “or” switch. 
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CONDENSED SUMMARY 


Effects on voltage drop, the power dissipation, and the 
equivalent circuit constants have been calculated by means 
of linear transmission line theory. 


Effects of circuit parameters on the diode recovery char- 
acteristics were studied experimentally on germanium and 
silicon junction diodes. 


A fundamental study of the problems of h-f junction ca- 
pacitor has been made in order to determine the limits 
impored on Q by the physics of the device. 


A review is given of the mechanisms of radiation damage, 
and some of the resulting effects. 


Analysis of an experiment on the decay of irradiated 
n-type germanium gives 0.8 electrons removed. from the 
conduction band per initially recoiling germanium atom. 


The effects of irradiation on the infrared absorption and 
photoconductivity in silicon are reported. 


The nature of the blue and green emission at 78° K in CdS 
has been investigated. 


Discussion is documented with several experimental ex- 
amples drawn from the chemical physics of semiconduc- 
tors. 


The use of thermal conduction and thermo-electric 
measurements in studying radiation damage effects in 
semiconductors are discussed. 


Analysis of the Hall mobility and magneto-resistance data 
indicate the introduction of levels near the conduction 
and valence bands. 


The theory of recombination via defects having energy 
levels in the forbidden gap is reviewed. 


The properties of recombination centers in germanium 
are obtained on the basis of lifetime data in conjunction 
with other information available. 


The rate of change of minority carrier lifetime in ger- 
manium crystals bombarded by 1-Mev electron has been 
studied experimentally. 


Critical points in the work on Ge and Si are reviewed 
relative to demands they place on theoretical interpreta- 
tions. 


Magnetic susceptibility measurements above 3°K and Hall 
effect and resistivity determinations between 50 and 300°K 
are reported for n-type silicon samples. 


The particular resonance lines discussed in this paper 
appear only in pulled crystals which contain about 10 
oxygen atoms per cm?. 


Spin resonance behavior is observed to be significantly 
different for silicon grown in quartz crucibles from that 
grown by the floating zone method. 


The different effects of CO® gamma ray and fast neutron 
Romper Gent on the electrical behavior of germanium are 
iscussed. 


The width and depth of the potential wells surrounding 
disordered regions in neutron irradiated n-type germanium 
and extrinsic silicon are estimated. 


The energy levels found in germanium irradiated by dif- 
perent particles are seen at first to be mutually inconsis- 
ent. 


The presently available body of information in this area 
has been organized, summarized, and analyzed. 


Electron-bombardment damage in oxygen-free silicon is 
compared with that found in pulled crystals which have 
been previously reported. 


Tellurium samples in which current flowed parallel to the 
C axis were irradiated at 78° K with 20 Mev electrons. 


The effects of high-energy radiation on the electrical 
properties of compound semiconductors are reviewed. 


A brief review is given of the present status of precipita- 
tion phenomena in semiconductors. 


Measurements of bulk length changes and X-Ray lattice 
parameter changes during irradiation and subsequent re- 
covery are evaluated. 


Radiation induced defects have been observed to anneal 
in a number of different temperature ranges. 


Irradiation at about 10° K using 1.10 Mev electrons pro- 
duces very different changes in the electrical properties 
of n-type Ge as compared to p-type. 


Changes in etching behavior occur F 
f f as a result of a gros: 
exchange in chemical behavior. eae 


This paper reviews the current status of displacem: 
threshold determinations both theoretical and Ercerentn 


From measurements made at 79° K a threshold energy 


for the formation of stabl 
determined. stable acceptor centers has been 
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= TITLE PUBLICATION CONDENSED SUMMARY AUTHORS 


Irradiation Damage ‘in Germa- Jl Applied Physics The model of Sei i ( . 
ee cue ty Ee uot niske of Seitz and Koehler is used to calculate the J. H. Cahn 


total number of displaced atoms in Ge and Si due to 
trons and Gamma Rays electrons and gamma rays of energies up to 7 Mev. 


Phosphors for Cathode Ray Tube JI British IRE Characteristics of 
in Industrial and Low Scanning August 1959 b 
Speed Display Systems 


‘hara phosphors and recently developed com- M. D. Dudley 
ination of phosphors are discussed; images may be stored 
for several minutes using infrared techniques. 


-Paramagnetic Resonance of Color Jl Chemical Phys Measurements in single crystals of X-i iated - J. H. Anderson 
Centers in Germanium-Doped August 1959 manium-doped quartz Tawe boon eatried Sue a aes J. A. Weil 
Quartz the centers has been suggested. 
Electric Field Enhancement of JI Electrochem Soc The application of an alternati lectri i P. M. Jaffe 
Cathodo-Luminescence (Cathodo- August 1959 cathode-ray excited ZnCdS: Mn cg ay ie Adee 
electroluminescence) causes cathodoluminescence to be enhanced. 
The Fluorescence of Binary and JI Electrochem Soc The fluorescence of binary and t f H. Koelmans 
Ternary Germanates of Group II August 1959 Ca,Sr,Ba,Mg, and Zn with Gitereet peieeings ie: ee C. M. C. Verhagen 
Elements vestigated. 
Arrays of Inorganic Semiconduct- Jl Electrochem Soc Arrays of compounds related to th iodic ch f the A. J. Cornish 
ing Compounds August 1959 elements can be prepared. 0 OE a ae 
Glycerol Baths For the Electro- Jl Electrochem Soe Plating baths employing glycerol as a solvent are de- A- J._Certa 
Deposition of Molten Indium or August 1959 scribed from which Deut ae tah are electro-deposited 2- J- Manns 
Indium-Cadmium Alloy on whisker wires. G. L. Schnable 
H. S. Segal 
Potential Measurement During Jet Jl Electrochem Soc Potential measurements have been made during jet etch- P- F. Schmidt 
Etching of p-type Ge and p-type August 1959 ing and the feasibility of the method has been established. M. Blomgren 
i 
Diffusion of Radioactive Anti- Jl Electrochem Soc The diffusion coefficient radioactive Sb-124 in Si has been J. J. Rohan — 
mony in Silicon August 1959 investigated in the temperature range 1190° to 1398° C N. E. Pickering 
J. Kennedy 
Theory of Thermoelectric Power Jl Phys Soe Japan A theory of the thermoelectric power of the NaCl crystal E.- Haga 
of Ionic Crystals, II August 1959 doped with CdClz is developed when measured using the 
chlorine gas electrode. 
Materials for Thermoelectric Re- Phys Chem Solids The electrical conductivity, thermoelectric power and ther- F- D. Rosi 
frigeration July 1959 mal conductivity were measured on various materials. B. Abeles 


Criteria determining the optimum properties of the ma- R. V. Jensen 
terials for thermoelectric refrigeration are discussed. 


Nernst and Ettingshausen Effects Physical Review The effects of Ge single crystals of different conductivity H. Mette 
in Ge Between 300 and 750° K August 1, 1959 type and with various impurity densities have been meas- W- W. Gartner 
ured. Cc. Loscoe 
Temperature-Dependent Defect Physical Review A model is proposed to explain the observed dependence G. K- Wertheim 
Productions in Bombardment August 1, 1959 of the defect production rate on temperature. 
of Semiconductors 
Gain Band-Width Product of Physical Review The relaxtion time is shown to be less than, or equal to, R- W. Redington 
Photoconductors August 15, 1959 ie ee time for an arbitrary distribution of impurity 
evels. 
Metal to Semiconductor Contacts; Physical Review It is found that the nature fo the semiconductor surface N. J. Harrick 
Injection or Extraction for Either 4usust 15, 1959 rather than the metal is the major factor in controlling 
Direction of Current Flow the characteristics of the metal to semiconductor contact 
Microwave Parametric Subhar- Proceedings IRE A variable capacitance subharmonic oscillator having an  F: Sterger 
monic Oscillators for Digital Com- August 1959 output frequency of 2000 mc is described and the opera- 
puting tion of this oscillator circuit for amplifying scaling per- 


forming logic functions is discussed. 


Bismuth Telluride and Relat Res Appd in Industry This article summarizes the present knowledge of bismuth D. A. Wright 
€ompounds ppzges August/September 1959 telluride and similar compounds, and of alloys formed by 

substitution of elements from the same column of the 

periodic table. 


Organic Semiconduct Res Appd in Industry This paper reviews results on the electrical conductivity D. D. Eley 
5 he coe irae August/September 1959 of crystalline organic substances. 
New Configuration in Non-Satu- Semiconductor A new circuit method, the inhibit technique, when com- C. M. Campbell, Jr. 
rating Complementary Current Products bined with conventional switching circuits, gives great 
Switching Circuits July 1959 flexibility to the designer. 
The Meas . Semiconductor Several methods of measuring the thermal resistance are R. F. Gates 
Seance ee ot Sherinal Re Products compared. As a result, one is selected as the most suitable. R. A. Johnson 
July 1959 
: Effect of Emi i- Semiconductor An expression for the current gain as a function of fre- T. R. Hoffman 
tance on nota oy Pel ir Products quency is derived for a single-stage grounded emitter 
Grounded-Emitter Transistor Am- July 1959 transistor amplifier. 
plifier Stage 
i i j t Techniques and solutions to the effect of later heating on W. Waring 
Snel 2g Apel “Sgenimesnel onda aa an initial diffusion, and a number of other diffusion 
July 1959 problems are presented. 
i i j i 7 Description of an a-c coupled circuit using two transistors M. J. Hellstrom 
ee ee ee eeeuon ra a lage and a diode. Requirements are set forth and design pro- 
August 1959 cedure outlined. 
i i as t Capacitance-voltage relationship is calculated for three R. L. Pritchard 
punetone. sr ata Picea cs noe of one-dimensional impurity distributions. 
August 1959 
i i An electronic model is described which simulates many of L. D. Harmon 
Cell sc aural, eta thes cabal a oe the gross operational functions of living nerve cells. R. M. Wolfe 
August 1959 
j i a iconductor Surface spreading of the electrodes in silicon alloy transis- J. Roschen 
pee eitces ce phe arg Boodncts tors greatly affects the performance and uniformity of the TT. J. Miles 
a August 1959 device characteristics. C. G. Thornton 
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PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


Compiled by SIDNEY MARSHALL 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
July 16, 1957 to ee 27, 1957. In subsequent issues, patents issued from Aug. 27, 1957 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
Review will appear periodically, the treatment given to each item being more detailed. 


July 16, 1957 

2,799,784 Phase Comparison System—B. 
Harris, A. Macovski. A balanced phase 
comparator circuit which is free from 
changes in operating characteristics. over 
a wide range of variation in ambient tem- 
perature. 


2,799,814 Germanium Photodiode—B. 
Schwartz, P. M. Maloney. Assignee: Syl- 
vania Electric Products, Inc. A method 
of forming a hermetically sealed and 
evacuated rectifying device by applying 
a conductive film to the exterior open-end 
portion of glass tube open at one end, 
inserting a rectifying junction subassem- 
bly into said tube, and inductively heat- 
ing said film in an evacuated chamber in 
order to form a heat seal to a ceramic 
plug in the subassembly to the open end 
of said tube. 


2,799,815 Dry Plate Rectifiers—L. J. Lock- 
ett. Assignee: Westinghouse Brake and 
Signal Co., Ltd. A rectifier assembly in- 
cluding a metal case enclosing two stacks 
of rectifier elements, a contact member, 
a conducting resilient member associated 
with each stack, and making contact at 
the end thereof remote from a connecting 
strip between said stacks, said contact 
member making connection with each re- 
silient member. 


July 23, 1957 

2,800,559 Electrical Semiconductors Com- 
prising Organo-Metallic Compounds and 
Process of Producing Same—A. R. Ub- 
belohde. Assignee: National Research De- 
velopment Corp. 


2,800,617 Semiconductor Devices—J. I. 
Pankove. Assignee: Radio Corporation of 
America. A semiconductor switching or 
modulating device and system, the elec- 
trode construction and arrangement of 
which provides efficient operation and 
good high-frequency performance. 


July 30, 1957 

2,801,297 Feedback Stabilized Transistor 
Amplifier—A. G. Becking, P. Boxman. 
Assignee: North American Phillips Co., 
Inc. A circuit comprising an odd number 
of cascade arranged amplifier stages, each 
of said stages comprising a transistor, a 
supply source, a d.c. coupling impedance 
connected between said source and the 
collector electrode, means for stabilizing 
the operating point of said transistor and 
signal input and output means. 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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2,801,298 Series Connected Transistor Am- 
plifier—R. N. Metal. Assignee: North 
American Phillips Co., Inc. An amplifier 
comprising an electron tube and two 
transistors; means for connecting the 
plate of the tube to the base electrode of 
one transistor, the emitter to the base of 
a second transistor, and the collector of 
the first to a point of reference potential; 
a common source of energy; and an out- 
put load impedance between the second 
collector and the reference point. 


2,801,329 Assembly Fixture—J. B. Gray 
II, W. R. Yeich. Assignee: Western Elec- 
tric Co., Inc. An assembly fixture for fa- 
cilitating the accurate positioning and 
attaching of the base members of point- 
contact devices to their support members. 
2,801,338 High Sensitivity Voltage Com- 
parator Circuit—J. W. Keller Jr. As- 
signee: U.S.A. (Department of the 
Army). A circuit adapted to switch from 
a quiescent to an oscillatory state upon 
receiving a triggering voltage in excess 
of a predetermined value. 


2,801,340 Semiconductor Wave Generator 
—E. Keonjian, J. J. Suran. Assignee: Gen- 
eral Electric Corporation. A relaxation 
oscillator circuit using a semiconductor 
device which has only a single rectifying 
junction. 


2,801,345 Regenerative Pulse Translating 
Circuit—J. P. Eckert Jr., T. H. Bonn. As- 
signee: Sperry Rand Corporation. A pulse 
translating circuit utilizing a transistor 
amplifier in which all of the transistor 
circuit output is employed for regenera- 
tion when the input pulse is first received, 
and later all of the output energy of the 
transistor is fed to the outputs of the 
system. 


2,801,346 Electrical Dipole Having a Com- 
paratively Low Direct Current and a 
Comparatively High Alternating Current 
Impedance—J. J. Rongen, H. H. VanAbbe. 
Assignee: North American Phillips Co., 
Inc. A two terminal network comprising 
the series combination of the collector- 
emitter path of a transistor and of a re- 
sistor which is connected to the emitter 
thereof, said network exhibiting an im- 
pedance considerably larger than _ its 
direct current resistance. 


2,801,347 Multielectrode Semiconductor 
Devices—S. W. Dodge, Jr. Assignee: Ra- 
dio Corporation of America. A device 
comprising a semiconductive body, a plu- 
rality of p-n junction input electrodes in 
contact with a surface of body, a p-n 
junction output electrode in contact with 
an opposite surface of said body, and an 
ohmic base mounted on said body. 


2,801,348 Semiconductor Devices—J. I. 
Pankove. Assignee: Radio Corporation of 
America. A device having means for pro- 
viding an electric field to control current 
flow within said body and a rectifying 
electrode for controlling said field and 
said current flow. 


2,801,374 Relay Device—C. G. Svala. As- 
signee: Telefonaktiebolaget L. M. Ericsson 
(Sweden). A relay device comprising a 
transistor amplifier and an electromag- 
netic relay arranged in a circuit in which 
positive feedback is obtained from the 
output to the input of the amplifier, and 
in which the input impedance of the 
device is high for control signals at the 
same time as low impedance is obtained 
for the feedback current. 


2,801,375 Silicon Semiconductor Devices 
and Processes for Making Them—E. F. 
Losco. Assignee: Westinghouse Electric 
Corporation. A semiconductor rectifying 
device including a silicon member bonded 
to a heat absorbing and dissipating con- 
tact member by means of a silver base 
solder composed of over 50% silver, an 
amount of antimony and at least one 
other element from the group consisting 
of tin, silicon, lead and germanium. 


2,801,376 Alloys and Rectifiers Made 
Thereof—K. Lark-Horovitz, R. M. Wha- 
ley. Assignee: Purdue Research Founda- 
tion. A semiconductor point-contact de- 
vice composed of 99% pure germanium 
and at least one of the elements from the 
group consisting of chromium and ura- 
nium, said device having a peak back 
voltage in excess of 10 volts and ap- 
proaching 200 volts. 


2,801,383 Voltage Regulator—J. S. Com- 
ins, P. J. Gallagher. Assignee: Sorenson 
& Company, Inc. A voltage regulator with 
a sensing system which can be adjusted 
to approximate the r-m-s, peak, or aver- 
age voltage across a load circuit. 


August 6, 1957 

2,802,065 Cascade Connected Common 
Base Transistor Amplifier Using Compli- 
mentary Transistors—G. C. Szeklai. As- 
signee: Radio Corporation of America. 
A direct-coupled semiconductor amplifier 
circuit requiring only a single source of 
bias voltage for the output electrode of 
the driving transistor and the input elec- 
trode of the driven transistor. 


2,802,067 Symmetrical Direct Current 
Stabilization in Semiconductor Ampli- 
fiers—J. Zawels. Assignee: Radio Corpo- 
ration of America. An invention utilizing 
semiconductor devices of opposite con- 
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ductivity type in a direct-current sym- 
metrical arrangement in which differences 
‘in said devices involving a change of col- 
lector current saturation will act to af- 
fect the operating stability of said de- 
vices. 


2,802,071 Stabilizing Means for Semicon- 
ductor Circuits—H. C. Lin. Assignee: Ra- 
dio Corporation of America. In a signal 
conveying circuit a pair of temperature 
‘sensitive germanium diodes are used to 
establish and control the bias conditions 
between the base and emitter electrodes 
of one or more transistors. 


' 2,802,117 Semiconductor Network—V. P. 
Mathis, J. J. Suran. Assignee: General 
Electric Company. This semiconductor 
network was designed to improve the 
uniformity of circuit response to input 
signals of various characteristics, to im- 
prove the definition of states in multiple 
stable semiconductor networks, and to 
reduce variations in reset pulse require- 
ments of a bistable semiconductor net- 
» work. 


2,802.118 Transistor Amplifier Circuits— 
Q. W. Simkins. Assignee: Bell Telephone 
Laboratories. A transistor amplifier in 
which the entire collector current during 
build-up fiows in a distinct feedback 
secondary windings, and in a feedback 
path, so as to assure rapid build-up of 
collector current. 


2,802,149 Contact Protection Circuits—L. 
H. Germer, J. L. Smith. Assignee: Bell 
Telephone Laboratories. In a contact pro- 
tection circuit, a pair of contacts to be 
protected, a d-c load circuit, a connec- 
tion from said circuit to one of said con- 
tacts, a circuit comprising the parallel 
_ arrangement of a p-n junction rectifier 
and an inductance connected between 
the load and the other contact, and a 
condenser across the load terminals. 


2,802,158 Metal Rectifier Assemblies—A. H. 
Walker, L. J. Lockett. Assignee: West- 
inghouse Brake and Signal Co., Ltd. A 
rectifier having the stacks thereof housed 
in holes formed in a block of insulating 
material, said block then being covered 
by an insulating sheet having metallic 
connections on the inside surface thereof, 
said connections making contact with 
rectifier elements. 


2,802,159 Junction Type Semiconductor 
Devices—H. Stump. Assignee: Hughes 
Aircraft Company. A fusion type semi- 
conductor device in which the resistance 
of the base region is approximately five 
ohms, said device being formed by de- 
positing a metallic layer on the base re- 
gion immediately adjacent to the rectify- 
ing barrier. 


2,802,160 Intermediate Zone Locating 
Servo-System—W. E. Engeler. Assignee: 
General Electric Company. Apparatus for 
automatically locating on a semiconduct- 
ing surface an area on one conductivity 
type bordering on each of two sides by an 
area of opposite conductivity type. 


August 13, 1957 

2,802,759 Method for Producing Evapora- 
tion Fused Junction Semiconductor De- 
vices—L. Moles. Assignee: Hughes Air- 
craft Company. A method of producing 
an integral regrown crystal region of 
one conductivity type upon a surface of 
a semi-conductor crystal body having a 
predetermined conductivity type by 
means of a process that involves the 


evaporation and deposition of impurity 
containing layer upon said surface. 


2,802,760 Oxidation of Semiconductive 
Surfaces for Controlled Diffusion—L. 
Derick, O. J. Frosch. Assignee: Bell Tele- 
phone Laboratories. A process for treat- 
ing semiconductive silicon wafers by de- 
positing an oxide layer on the surface 
thereof, removing portions of said oxide 
film, and reheating said wafer in an im- 
purity containing atmosphere in such a 
manner as to create surface regions of 
opposite conductivity type. 


2,802,938 Diode Detector—Transistor Am- 
plifier Circuit for Signal Receivers— 
G. B. Herzog; Assignee: Radio Corpora- 
tion of America. Means in a radio signal 
receiver for directly coupling a diode 
rectifier detector to a transistor amplifier 
and by so doing enabling a separate load 
circuit for the rectifier to be eliminated. 


2,802,954 A-C Coupled Gate Circuits— 
R. E. Graham, E. R. Ketzmer. Assignee: 
Bell Telephone Laboratories. In a gate 
circuit, the duration of the “on” period 
of the gate is independent of the duration 
of the control voltage signal but is de- 
termined by the time constant of the 
charging capacitor and the impedance 
associated with its charging path. 


2,802,973 Selenium  Rectifiers—E.  L. 
French. Assignee: Westinghouse Brake 
and Signal Co., Ltd. A selenium rectifier 
cell comprising a base plate, a selenium 
layer thereon, a non-genetic layer of 
saccharide on said selenium layer, and a 
counter-electrode layer on said non- 
genetic layer. 


2,802,974 Selenium  Rectifiers—E. L. 
French. Assignee: Westinghouse Brake 
and Signal Co., Ltd. In a selenium cell, 
a base plate, a selenium layer thereon, a 
non-genetic layer of prolamine on the 
selenium, and a counter electrode on the 
prolamine layer. 


August 20, 1957 

2,803,569 Formation of Junctions in Semi- 
conductors—H. Jacobs, J. R. Liebowitz, 
A. P. Ramsa. Assignee: U.S.A. (Depart- 
ment of the Army). A method of produc- 
ing a semiconducting silicon body having 
a predetermined conductivity type by 
subjecting a block of silicon to electron 
bombardment to render chemically clean 
the surface of said block, and then evapo- 
rating a significant impurity onto the 
bombarded surface. 


2,803,758 Transistor Amplifier Clipping 
Circuit—R. M. Whitenack. Assignee: In- 
ternational Business Machines Corpora- 
tion. A two-stage amplifier for producing 
a large square wave output signal in re- 
sponse to a small sinusoidal input signal. 


2,803,799 Electron Switching Device— 
E. S. Rittner, I. E. Grace, S. Fine, G. A. 
Beutel. Assignee: North American Phil- 
lips Co., Inc. A switching system compris- 
ing a cathode, a target electrode sur- 
rounding said cathode and composed of 
four sections, each including a pair of 
spaced terminals and a photoconductive 
semiconductor therebetween, and a pair 
of amplifying systems connected to four 
deflecting blades, one system to a pair 
of blades. 


2,803,791 Blocking Layer Rectifier Cells— 
J. J. Van Amstel, A. Von Wierengen. As- 
signee: North American Phillips Co., Inc. 
A blocking rectifier assembiy comprising 
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an electrically conductive supporting 
plate and a plurality of spaced rectifier 
cells each comprising a semiconductive 
body constituting an electrode of each of 
said cells, the total area occupied by all 
ot the semiconductive bodies being less 
than one-half the surface area of the 
supporting plate. 


August 27, 1957 

2,804,405 Manufacture of Silicon Devices 
—R. Derick, C. J. Frosch. Assignee: Bell 
Telephone Laboratories. In the manufac- 
ture of a silicon semiconductive device, 
the process of forming on the surface of 
a silicon body and selectively removing 
therefrom portions of a phosphorus film, 
treating the surface in order to deposit a 
boron film on said selected portions, and 
heating the body to form two diffused 
layers containing one of these elements. 


2,804,580  Unidirectionally Conducting 
Elements—J. M. Hanlet. Assignee: J. Vis- 
seaux S.A, (France). A unidirectional 
conducting element having a layer of 
germanium and superimposed thereon a 
discontinuous dielectric layer which on 
a molecular scale presents a network of 
tightly joined meshes, and a continuous 
conducting film which contacts the ger- 
manium layer through the meshes in 
the dielectric layer. 


2,804,581 Semiconductor Device and 
Method of Manufacture; Thereof—F. 
Lichtgarn. Assignee: Sarkes Tarzian, 


Inc. A semiconductor device wherein 
the electrical characteristics of the device 
may be readily enrolled so that a greater 
percentage of the devices are within com- 
mercial tolerances. 


2,804,583 Direct Current Motor Speed Con- 
trol System—L. L. Genuit. Assignee: Gen- 
eral Electric Company. A d-c motor speed 
control system incorporating a single in- 
ductive device and providing adequate 
compensation for armature drop. 


2,804,584 Direct Current Motor Speed 
Control System—M. A. Sims. Assignee: 
General Electric Company. A d-c motor 
speed control system having good regu- 
lation of motor speed for changes in mo- 
tor load, said regulation being accom- 
plished by utilizing one magnetic core. 


2,804,595 Pulse Modulation Circuit—R. O-. 
Soffel. Assignee: Bell Telephone Labora- 
tories. An arrangement for preventing 
spurious transmission of carrier in a pulse 
modulation system during the absence of 
signal pulse, and to preserve the same 
terminating impedance for the carrier 
source in a pulse modulation system dur- 
ing both the presence and ahsence of a 
signal pulse. 


2,804,596 Balanced Amplitude Modulation 
with Reinserted Carrier—V. J. Hawks. 
Assignee: Bell Telephone Laboratories. A 
method for balancing out voice signals 
from a double sideband A.M. system and 
still transmit the carrier with upper and 
lower sidebands. 
(To be continued) 
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CHARACTERISTICS CHARTS OF NEW DIODES and RECTIFIERS 


ANNOUNCED BETWEEN OCT. 1, 1959 and NOV. 30, 1959 ONLY. This is a partial listing and will be continued in the next issue 


MANUFACTURERS 

— ligemeine Elekticitats-Gesellschaft MUL— Mullard, Ltd. 2 
ae eterna Electrical Industries, Ltd. NAE— North American Electronics 
AMP: Amperex Electronic Corp. NPC— Nucleonic Products| Co., Inc. 
AUD— ‘Audio Devices, Inc. OHM— Ohmite Manufacturing Co. 
BEN. Bendix Aviation Corp. PHI— Philco Corp, Lansdale Tube Company 
BER— Berkshire Labs PSI— Pacific Semiconductors, Inc. 
BOG— Bogue Electric Mfg. Co. Hee een gene lags Corp. 

— aytheon Compan F p 

Pes Boe ree, RCA— Radio Corporation of America, Semiconductor Div, 
CBS_ CBS Electronics RHE— Rheem Semiconductor Corp. is. 
cDC— Continental Device Corp. SAR— Sarkes Tarzian, Inc., Rectifier Division 
COoL— Columbus Electronics Cort: SCN— Semicon, Inc. ae 
CTP— Clevite Transistor Products, Inc. SEM— Semi-Elements c. , 
CSF— Compagnie Generale de T.S.F. SIE— Siemens & Halske Aktiengesellschaft 
DAL— Dallons Semiconductor SIL— Silicon Transistor Corp. |. 
DEL— Delco Radio SssSD— Sperry Semiconductor Division 
EEVB— English Electric Valve Co., Ltd. SsP— Solid State Products, Inc. 
ERI— Erie Resistor Corp. STC— Shockley Transistor Corp. 
FAN— Fansteel Metallurgical Corp. STCB— Standard Telephone & Cables, Ltd. 
FERB— Ferranti Ltd SYL— Sylvania Electric Products, Inc. 
GAH— Gahagan, Inc. SYN— Syntron Co. 
GECB— General Electric Co., Ltd. 3 . TEX— Texas Research Assoc. 
GE— General Electric Company, Semiconductor Div. TFKG— Telefunken, Ltd. 
GIC— General Instrument Corp. TI— Texas Instruments, Inc. 
GTC— General Transistor Corp. TKD— Tekade, Nurnberg, Germany 
HAFO— Institutet for Halvedarforskning TOK— Tokyo Tsushin Kogyo, Ltd. 
HSD— Hoffman Semiconductor Division TRA— Transitron Electronic Corp. 
HUG— Hughes Products Division TUN— Tung-Sol Electric, Inc. 
INRC— International Rectifier Corp. TSC— Trans-Sil Corp. 
IRC— International Resistance Co. UCcI— United Components _ 
ITT— International Tel. & Tel. <GrPe UsD— United States Dynamics Corp. 
KEM— Kemtron Electron Products, Inc. uss— U. S. Semiconductor Products, Inc. 
LCTF— Laboratoire Central de Telecommunications vICc— Vickers Inc. | 
MAL— P. R. Mallory & Co., Inc. WEC— Western Electric Co. 
MIC— Microwave Associates, Inc. WEST— Westinghouse Electric Corp. 
MOT— Motorola, Inc. 


The following manufacturers have announced that they have begun supplying the indicated previously registered diodes and rectifiers. 


CONTINENTAL DEVICE: 1N625 thru 1N629, 1N643, 1N643A, 1N658 thru 1N663, 1N662A, 1N663A,1N703A thru 1N721A, 
1N721, 1N746 thru 1N759, 1N746A thru 1N759A, 1N778,1N779,1N789 thru 1N804, 1N806 thru 1N809, 
1N818, 1N821 thru 1N826, 1N837, 1N837A, 1N838, 1N840, 1N841, 1N846 thru 1N849, 1N857, 1N858, 
1N859, 1N860, 1N868, 1N869, 1N870, 1N871, 1N879, 1N880, 1N881, 1N882, 1N891, 1N892, 1N893 


DALLONS: 1N248A, N248A,1N249A,1N250A,1N1183,1N1184, 1N1186 thru 1N1190,1N1434 thru 1N1438,1N2154 thru 1N2158,1N2160 


GENERAL TRANSISTOR: 1N66A,1N67,1N67A, 1N68, 1N68A, 1N88, 1N89, 1N90, 1N95 thru 1N100, 1N96A thru 1N100A, 
1N102, 1N107, 1N108, 1N116, 1N116A, 1N117, 1N117A, 1N118, 1N118A, 1N126, 1N127, 1N128, 1N191, 
1N192, 1N198, 1N270, 1N276, 1N277, 1N279, 1N281, 1N283, 1N287 thru 1N292, 1N294A, 1N297, 1N298A, 
1N304,1N308, 1N309, 1N310, 1N313, 1N480, 1N490, 1N497 thru 1N502, 1N631 thru 1N634, 1N636 


HUGHES: 1N126A, 1N127A, 1N191, 1N192, 1N547 
INTERNATIONAL RECTIFIER: 1N1199 thru 1N1205, 1N1341 thru 1N1347 


SPERRY: 1N456, 1N461 thru 1N464, 1N488, 1N488A, 1N643, 1N645 thru 1N649, 1N658, 1N659, 1N660, 1N662, 
1N663, 1N789 thru 1N796, 1N837, 1N837A, 1N840, 1N844 


SYLVANIA: 1N456 thru 1N459, 1N456A thru 1N459A, 1N461 thru 1N464, 1N461A thru 1N464A, 1N482 thru 1N488, 
1N482A thra 1N486A, 1N482B thru 1N486B, 1N625 thru 1N628, 1N770,1N1610, 1N1692 thru 1N1695, 
1N2069, 1N2070, 1N2071, 1N2127 


UNITED COMPONENTS: 1N456 thru 1N459,1N456A,thru 1N459A, 1N461 thru 1N464, 1N461A thru 1N464A, 1N482 thru 
1N488, 1N482A thru 1N488A, 1N482B thru 1N486B, 1N625 thru 1N629, 1N658 thru 1N663 


VICKERS: 1N255, 1N256, 1N332 thru 1N338, 1N341, 1N342, 1N343, 1N553, 1N554, 1N555, 1N1118, 1N1119, 1N1120 


NEW DIODES and RECTIFIERS 


Max. Min. Forward | 
e AX. D.C. . ax. REY. urrent 
CONT. Current rar 


output @ | | Fue 


VOLT. 
VOLT. 


l, @E, DROP‘ 
(volts) | (volts) J (mA) (volts) (volts) J (uA) (volts) (°C) 


at start 
of charts 


MAT| PIV |WORKE = @ o50G¢ = J curRENT’ ©)! toab 1,@E, @T | MER. 


See code 


IN771 al Ge 100 80 100 10 065 25A 
9 ' 25 
IN771A sl Ge 100 80 200 1.0 AWAD 25A ° 25 ae ta = 
1N771B ih Ge 100 80 400 0) -10 25A 25 50 25A GTC 
1IN772 1 Ge 80 70 100 aeecO) -065 25A 50 50 25A GTC 
1IN772A i Ge 80 70 200 1.0 -075 25A 50 50 25A GTC 
1N773 1 Ge 75 65 100 es) 065 2 
3 . 5A 100 50 
eee 1 Ge 75 65 200 1.0 Olio 25A 100 50 eh an 
nee ; i a a0 100 1.0 -065 25A 150 50 25A GTC 
200 1.0 -075 25A 150 50 

1N775 1 Ge 70 60 100 wha) -065 25A 250 50 A ae 
NOTATIONS Other Following any Vereperotale reading Manufacturers should 

4. For half wave resistive wes aymels a oe ord tarts sndition 
Under Use load average over 1 cycle A — Ambient tor Srroe une ocd 
—<—<— — Case maximum peok r - 
eat atta Mader Reverse Cutter J = Junction rent cortent 
3. Magnetic Amplificr 7) Dynamic A\—Inlet Temperature of Coolant 
@ Insulated Base Under Mfr 
e peace mecntes — pee, Uasen Ep 
. Dual Rectifier i i * 
A Direct Tube Replacement q Goonteet Wacaurdctaret T, —Revised Data A - at 125°C 
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Min. Forward } wax. p.c. Max. | Max. Rev. Current 
Current ouTpuT @ 7 


FULL 


@ 25°C [curRENT? '©)! toap 1,@E,@T pa 


VOLT. 
l, @E, DROP‘ 
(volts) (mA) (volts) 


at start 
of charts 


(volts) (uA) (volts) (°C) 


1N776 Ge 30 20 50 


1 Li) -05 25A 200 10 25A GTC 
1N1183A 2 si 50 100A ita d 40 150 Reval 5000 50 150C DEL 
1N1184A 2 Si 100 100A p ea | 40 150 n ie | 5000 100 150C DEL 
1N1185A 2 Si 150 100A Lad 40 150 Dol 5000 150 150C DEL 
1N1186A 2 Si 200 100A lei 40 150 i red 5000 200 150C DEL 
1N1191A 2 Si 50 60A 1.2 22 150 pe 5000 50 150C DEL 
1N1192A 2- Si 100 60A pe 22 150 12 5000 100 150C DEL 
1N1193A 2 Si 150 60A Bg 22 150 1.2 5000 150 150C DEL 
1N1194A 2 Si 200 60A 1.2 22 150 1.2 5000 200 150C DEL 
D2030 2,3 si 300 300 20 25A - 60 5000 300 150 DAL 
D2040 2,3 si 400 400 20 25A - 60 5000 400 150 DAL 
D2050 2,3 Si 500 500 20 25A - 60 5000 500 150 DAL 
D2060 2,3 Si 600 600 20 25A - 60 5000 600 150 DAL 
D3030 2,3 Si 300 300 30 25A . 60 5000 300 150 DAL 
D3050 2,3 Si 500 500 30 254 .60 5000 500 150 DAL 
R2105 2 ope 50 35 same as §2105 but reverse polarity SYN 
R2110 2 “syrk 100 70 same as $2110 but reverse polarity SYN 
R2115 2 oa 150 105 same as §2115 but reverse polarity SYN 
R2120 2 Si 200 140 same as $2120 but reverse polarity SYN 
R2125 2 Si 250 175 same as $2125 but reverse polarity SYN 
R2130 2 Si 300 210 same as S2130 but reverse polarity SYN 
R2135 2 Si 350 245 same as S2135 but reverse polarity SYN 
R2140 2 Si 400 280 same as S2140 but reverse polarity SYN 
R3305 2 Si 50 35 same as S3305 but reverse polarity SYN 
R3310 2 Si 100 70 same as S3310 but reverse polarity SYN 
R3315 2 si 150 105 same as S3315 but reverse polarity SYN 
R3320 2 Si 200 140 same as S3320 but reverse polarity SYN 
R3325 2 Si 250 175 same as S3325 but reverse polarity SYN 
R3330 2 Si 300 210 same as S3330 but reverse polarity SYN 
R3335 2 Si 350 245 same as S3335 but reverse polarity SYN 
R3340 2 Si 400 280 same as S3340 but reverse polarity SYN 
RD1356 1,3 Si 30 100 1510 -070 150 5.0 25 150 RHE 
RD1357 1,3 Si 70 100 130 -070 150 5.0 60 150 RHE 
RD1358 1,3 Si 150 100 1.0 070 150 5.0 125 150 RHE 
RD1359 1,3 Si 200 100 TD 070 150 5.0 175 150 RHE 
S262 st Si 30 15 3.0 1.0 03 55 150 15 55 AMP 
$2105 2 Si 50. 35 25A 1.5 13 25A 130 5000 50 150C SYN 
$2110 2 si 100 70 25A 1.5 13 25A 1.0 5000 100 150C SYN 
$2115 2 Si 150 105 25A 1.5 13 25A 1.0 5000 150 150C SYN 
$2120 2 Si 200 140 25A 1.5 13 25A 1.0 5000 200 150C SYN 

2 Si 250 175 25A 1,5 13 25A 1s0 5000 250 150C SYN 
ease 2 si 300 210 25A pT) 13 25A 10 5000 300 150C SYN 
$2135 2 Si 350 245 25A 155 13 25A 0 5000 350 150C SYN 
$2140 2 Si 400 280 25A Ligb 13 25A 20 5000 400 150C SYN 
$3305 2 Si 50 35 50A L228 25 25A itt) 5000 50 150C SYN 

Si 100 70 50A 1.3 25 25A 1.0 5000 100 150C SYN 
ore : Si 150 105 BOASEE Aes 25 25A 1.0 5000 150 150C SYN 
$3320 2 Si 200 140 BOA" 1.8 25 254 1,0 5000 200 150C SYN 
$3325 2 Si 250 175 S0A S25'S 25 BoA eT. 0 5000 250 150C SYN 
$3330 2 Si 300 210 50A 1.8 25 25A 130 5000 300 150C SYN 

0 245 50A 1.3 25 25A 1.0 5000 350 150C SYN 
33540 i ra ae 280 50A a Ne 25 25A 0 5000 400 150C SYN 
$5130 2 Si 10400 7400 30 100 22 2000 10400 25 SAR 
$5162 2 Si 2800 1950 50 100 12 2000 2800 25 SAR 
$5343 2 Si 7000 5000 30 100 16 2000 7000 25 SAR 
ZR15 2 Si 500 500 750 1.0 75 265A 1.0 50 500 25A FERB 
ZR15T 2 Si 500 500 750 1.0 "21D 25A 1.0 50 500 25A FERB 
ZR15TR 2 Si 500 500 same as ZR15T but reverse polarity FERB 
ZR33C 2 Si 300 300 30A 1.2 30 25A 1.2 500 300 25A FERB 
ZR33R 2 Si 300 300 same as ZR33C but reverse polarity : FERB 

0 400 30A 1.2 30 25A 1.2 500 400 25A FERB 
oHside : a re 400 same as ZR34C but reverse polarity FERB 
ZS33A 1 Si 300 300 500 ie | -50 25A a lege a es ae ples 

300 500 ee -50 25A ibsal 5. 5 

ZS34A i st 400 400 500 1.1 .50 25A 1.1 -20 400 25A FERB 
ZS34B a isfel 400 400 500 Lod -50 25A Misal 0 400 25A FERB 


(Continued on following page) 


SEMICONDUCTOR PRODUCTS e FEBRUARY 1960 57 


CHARACTERISTICS CHART of MISCELLANEOUS DIODE TYPES 


LASSIFI- 
TYPE NO. S TION DESCRIPTION 


00 to 4000Mc MIC 
2 Receiver N.F.- 5.5-6.0db. from 3 : 
thaep 1,2 Silicon; 16000Mc. eee Conv. loss 5.7db max. ; ee 
Receiver N.F. - 7.5db. max. 
1N79 1,2 Meter Rectifier up to 3000 Mc. an he 
1N630A iho” 1000-12,000Mc.;Fig. of Merit-30min. ;Sens.-40dbm 
- S-band mixer SYL 
1N831A 3h Improved Micro-Min 
eth Ls2 9000Mc.; Fig.of Merit-130min. on 
1N1611A if Improved X-band video detector 
SYL 
1N2510 i Coaxial X-band mixer res 
1N2782 2 UHF detector 
$ 10db max.; PHI 
1,2 Germanium; 70000Mc mixer; Conv. loss 3 
Dees : NR 2.5 max.; NF 13db max.;Revr. NF 13.8db max. ay 
5 Si;Area-1.125in. dia;PO-34mw at 10 send ls: 
area 9 Anode V.-30V.max; Gate V. to fire- .40-.80V SSP 
3A31 9 Anode V.-30V.max; Gate V. to fire- .44-.60V SSP 
6 - .40-.80V SSP 
3A60A 9 Anode V.-60V.max; Gate V. to fire- . 5 
3A61 9 Anode V.-60V.max; Gate V. to fire- .44-.60V SSP 
3A100A 9 Anode V.-100V.max; Gate V. to fire-.40-.80V SSP 
3A101 9 Anode V.-100V.max; Gate V. to fire-.44-.60V SSP 
38A2004 9 Anode V.-200V.max; Gate V. to fire-.40-.80V SSP 
= = SSP 
3A201 9 Anode V.-200V.max; Gate V. to fire-.44-.60V 
51C 5 Si;Area-.5xlin.;PO- 3.0mw at 10000 ft. cndls. HSD 
5 2C 5 Si;Area-.5x2in.;PO- 6.0mw at 10000 ft. cndls. HSD 
55C 5 Si;Area-.5x.51in.;PO- 1.5mw at 10000 ft. endls. HSD 
58C 5 Si;Area-.5x.25in.;PO- .72mw at 10000 ft, cndls. HSD 
D 
110C 5 Si;Area-.4x.4in.;PO- 6.8mw at 10000 ft. cndls. HS 
120C 5 Si:Area-.4x.8in.;PO- 13.6mw at 10000 ft. endls. HSD 
200A 5 Si;Area- .28lin. dia;PO- 8.4mw at 10000 ft. cndls HSD 
220C 5 Si;Area- .8x.8in.;PO- 26mw at 10000 ft. ecndls. HSD 
D4005 bay? 3060Mc.; Revr. N.F.- 6.5db SYL 
D4066 lprz, UHF Mixer SYL 
D4070 i ~ 3295Mc.; Fig. of Merit- 85min. SYL 
D4080 2 34860Mc.; Lce-6.5db. max.; NR-2 max. SYL 
D4081 1,2 16000Mc.; Le-5.7db. max.; NR-1.3max SYL 
D4081A 1,2 16000Mc.; Le-5.7db. max.; NR-1.3max SYL 
D4089 1,2 23984Mc.; Le-6.5db. max.; NR-1.5max. SYL 
D4090 1,2 9375Mc.; Revr. N.F.-7db. max. SYL 
DS1D 9 Switching V.-100V.; off Current-.05ua max. FERB 
Sustaining I -200ua max. 
DS1E 9 Switching V.-100V.; off Current-.05ua max. FERB 
Sustaining I -2.0ma max, 
DS1F 9 Switching V.-100V.; otf Current-.05ua max. FERB 
: Sustaining I -10ma max. 
DS1G 9 Switching V.-100V.; off Current-.05ua max. FERB 
Sustaining I -25ma max. 
N2009 5 9 per cent eff.; .53V. min. open circuit voltage; oT 
36ma min. short circuit current. : 
TD100 10 V.range neg. slope-65-280mv; Peak I- 1.5-7.6ma. RCA 
TD101 10 V.range neg. slope-65-280mv; Peak I- 1.5-3.1ma. RCA 
TD102 10 V.range neg. slope-65-280mv; Peak I- 2.9-5.2ma. RCA 
TD103 10 V.range neg. slope-65-280mv; Peak I- 4.2-7.6ma. RCA 
TD104 10 V.range neg. slope-65-280mv; Peak I- 1.5-2.1ma. RCA 
TD105 10 V.range neg. slove-6h-280mv; Peak I- 1.9-2.5ma. RCA 
TD106 10 V.range neg. slope-65-280mv; Peak I- 2.3-3.1ma RCA 
TD107 10 V.range neg. slope-65-280mv; Peak I- 2.9-3.7ma RCA 
TD108 10 V.range neg. slope-65-280mv; Peak I- 3.5-4.4ma RCA 
TD109 10 V.range neg. slope-65-280mv; Peak I- 4.2-5.2ma RCA 
TD110 10 V.range neg. slope-65-280mv; Peak I- 5.0-6.3ma RCA 
TDIA1 10 V.range neg. slope-65-280mv; Peak I- 6.1-7.6ma RCA 


Notations Under Classification 


- Microwave diodes 

. Mixer or detector diodes 
. Varactor diodes 

- Photodiodes 

5. Solar Cells 


. Harmonic Gererator diodes 
. 4-Layer bistable diodes 

. Controlled rectifier 

PNPN Switch 

. Tunnel Diode 


Poon 
SOWNID 


_ 


Note: Other diode types will be listed in the March issue of SCP. 
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‘ 


Sperry Semiconductor Division 1N920- 


@) 1N923 series high-conduction, fast-recov- 
¥ ery diodes have met the most severe re- 
i quirements of high-current pulse circuits 
i for computer switching, pulse clamping, 
' gating, blocking and diode logic circuits. 
+ These 0.3 microsecond, %-ampere devices, 


designed for high-temperature operation 


» (to 175°C), feature high forward con- 
it ductance (500mA at 1 volt maximum 


) drop) and low leakage (50uA maximum 
zat 150°C). 


Circle 69 on Reader Service Card 


» Computer Diodes 


TI 1N914 and TI 1N916, fast high voltage 
silicon mesa diodes were made commer- 


s cially available by Texas Instruments 


Incorporated. The new diffused devices 
switch from 10 ma forward current to 
six volts reverse in four millimicrosec- 


7 onds maximum. Both devices will dis- 
| sipate 250 mw of power at 25°C and high- 


light a guaranteed minimum forward 


» voltage of 1 volt at 10 milliamps. Through 


the use of silicon mesa construction, both 


i diodes have an operating range of —65 


to 150°C and a maximum storage temper- 


| ature of 200°C. 


Circle 63 on Reader Service Card 


= 


eee 


Solid State Power Supplies 


Electronic Research Associates an- 
nounces two new additions to their line 
of Magitran transistor-magnetic high 
current regulated power supplies. The 
new units provide regulated outputs in 
the range 0-36 VDC with current ratings 
up to 30 and 50 amperes respectively. 
Other specifications include input 105-125 
VAC, 60 eps, line regulation within plus 
or minus 0.05%, load regulation less than 
0.1% and ripple less than 2 millivolts. 

Circle 70 on Reader Service Card 


Tubular Sintered-Anode Capacitors 


For applications where a_ superior 
quality, reliable design for military ap- 
plications is desired, Sprague Type 109D 
tubular sintered-anode Tantalex capaci- 
tors fill the basic military requirements. 
May be operated up to 85 C at rated d-c 
working voltage and may be operated up 
to 105 C with a voltage derating of only 
15%. This design will meet the 2000 cycle 
military missile vibration requirements. 

Circle 71 on Reader Service Card 


Switching Transistor 
Military-type 2N1011 germanium pnp 
power transistor is being produced by 
Bendix Aviation Corporation. Designed 
to meet specification MIL-T-19500/67 
(SigC), it has a 5 ampere maximum cur- 
rent rating, a current gain range of 30-75 
at Ic—3 Adc, and a maximum collector- 
base voltage rating of 80 volts. It will 
readily dissipate 35 watts at 25°C mount- 
ing base temperature. Stringent envi- 
ronmental testing required by the spe- 
cification assures the high reliability 
demanded in military applications. 
Circle 68 on Reader Service Card 
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New Products 


} High-Current Switching Diodes 


Electronic “Building Block” 


General Electric has made sample 
quantities of its second tunnel diode, a 
1000 megacycle device, available to elec- 
tronic industry designers. Features of the 
ZJ-56A include a minimum peak to val- 
ley current ratio of 5 to 1, a typical peak 
point current rating of 1-milliampere, 
which is held to plus or minus ten per- 
cent, and a typical negative conductance 
of 0.065-mho. Rated for an operating 


junction temperature of minus 55°C to 
plus 100°C, has typical peak point voltage 
of 55-millivolts and typical valley point 
voltage of 350-millivolts. 

Circle 61 om Reader Service Card 


Minute Rectifiers 

Subminiature silicon rectifiers with in- 
verse-voltage ratings covering the entire 
spectrum from 50 to 1000 volts are avail- 
able from the semiconductor division of 
Hughes Aircraft Company. The new 
series includes over 44 diode types (as- 
signed Jedec No’s 1N846 to 1N889 inclu- 
sive) divided into four basic groups, with 
maximum surge current ratings of 05, 
1.0, 1.5, and 2.0 amperes, and maximum 
average rectified current ratings of 50, 
100, 150, and 200 milliamperes. Tempera- 
ture limitations for storage are —65°C 
and 200°C. 


Circle 62 on Reader Service Card 


Sub-miniature Tape Recorder 


A two-channel miniature tape recorder 
now being manufactured by Precision 
Instrument Conipany measures only 5” 
by 4’ by 2” complete, including all elec- 
tronics. Total weight is 2 pounds. Power 
requirements are only 24% watts (de 
source). The unit includes electronics for 
record and reproduce and a timing refer- 
ence source. The latter is 1 kc, £0.01 per- 
cent. The tiny recorder will operate at 
any tape speed up to 48 ips, bi-direction- 
al, with end-of-tape sensing. Frequency 
response is up to 160 ke, +3 db at 48 ips. 

Circle 78 on Reader Service Card 
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Microwave Mixer Diode 


Sylvania has announced a new silicon 
diode designed for microwave mixer ap- 
plications in the L-band frequency spec- 
trum. This covers the top of UHF range 
to 1500 me. Designated the D-4097 it is a 
point contact type and exhibits a maxi- 
mum conversion loss of only 5.5 db with 
a maximum output noise ratio as low as 
1.5 times. This is the equivalent of a 2 db 
improvement in noise figure for a re- 
ceiver whose IF amplifier noise figure 
would be 1.5 db, or a 13 per cent increase 
in range. 

Circle 64 on Reader Service Card 


New Diode 


A new millimeter wave diode, the 
1N2792, for low noise mixer performance 
at 70,000 mc has been announced by Phil- 
co Corporation’s Special Components 
department. This recently declassified 
crystal is of integral wave guide con- 
struction with the germanium point con- 
tact structure mounted in a section of 
RG—98/U wave guide. A crystal noise 
figure maximum of 13 db with this 
hermetically sealed unit assures lowest 
possible noise performance at 70 kmc. 

Circle 60 on Reader Service Card 


Mechanical Convected Oven 


The Electric Hotpack Company, Inc. 
announces a new forced air circulation 
oven designed for short heat testing, dry- 
ing applications, encapsulization and 
other temperature testing and condition- 
ing processes involving electronic parts 
and components. Temperature range is 
from 35°C to 350°C. (662°F.) 

Circle 75 on Reader Service Card 


Electronic Micrometer 


New Model PDR Carson-Dice Auto- 
matic Electronic Micrometer gives direct 
measurements to the fifth decimal place, 
in 10 millionths of an inch. Precise mea- 
surements can be taken by unskilled 
operators. Works on any kind of material. 
Heavy one-piece casting has built-in fan 
and ventilating system to keep it at room 
temperature. Instrument can be readily 
moved about without affecting perform- 
ance. Work capacity 3”, throat depth 3”. 
Weight 60 Ibs. Available from J. W. Dice 
Company. 

Circle 73 on Reader Service Card 


09 


Electric Furnace 


Those who do research investigations 
in ceramics or metallurgy, calling for 
ultra-high temperatures, will be inter- 
ested in the announcement made by the 
Pereny Equipment Company of their new 
5000°F. Electric Furnace. It is a carbon 
resistor type tube furnace of vertical de- 
sign, identified as a Pereco Model “CT.” 
Controls are capable of holding to plus 
or minus 20°F. at 5000°F. in inert gas at- 
mosphere. The design also allows a choice 
of extremely rapid (room temperature to 
4500°F. in approx. 2 hours) or any slower 


cycle heat-up. 
Circle 76 on Reader Service Card 


Diode Clips 

Simple component installation and re- 
placement of “top-hat’” diodes or recti- 
fiers can be achieved through the use of 
spring-tempered beryllium copper mount- 
ing clips recently introduced by the 
Atlee Corporation. Circuit contact is pro- 
vided by an integral lug passing through 
the mounting surface either for connec- 
tion to printed circuit leads, or for solder 
connection. Each clip pair exerts a strong 
retaining spring action on the body of 
the component, pressing the shell down- 
ward against a small projection in the 
clip which penetrates through films or 
oxides to clean metal, assuring circuits 
continuity under extreme conditions of 


stress. 
Circle 88 on Reader Service Card 


Semiconductor Preforms 


Silver-Arsenic alloy preforms with a 
melting point of 1800°F are available from 
Accurate Specialties Co., Inc. The pre- 
forms are 99% silver, 1% arsenic, and in 
the form of spheres. They are available 
in the range .001” diameter to 4%” diam- 
eter, with diameters and sphericity held 
as close as plus-or-minus .0001”. High 
temperature alloy spheres will help auto- 
mate the manufacture of high tempera- 
ture silicon semiconductor devices, since 
a sphere will roll and lends itself to auto- 
matic loading into alloy jigs. 

Circle 72 on Reader Service Card 


Gold Plated Connectors 


Molded Insulation Company, after more 
than a year spent in development under 
U.S. Army Signal Research & Develop- 
ment Laboratory contract, now offers a 
new line of connecting devices for micro- 
modules and other miniaturized circuitry. 
Low contact resistance (less than 0.005 
ohms per contact); high insulation re- 
sistance; and polarization are incorpo- 
rated in this connector series. Designed 
for the 0.050 printed circuit grid, they 
afford high contact density. The entire 
line conforms to Signal Corps Specifica- 
tions SCL-6250. 

Circle 90 on Reader Service Card 
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Automatic Decorator 


A new double vertical fixture auto- 
matic spray machine, Model DVF, for 
high production painting has been de- 
veloped by Conforming Matrix Corpora- 
tion. It enables one operator to double 
the production heretofore requiring two 
hand sprayers. An increase of 200 to 500 
pieces per hour should be accomplished 
on most jobs. The machine is entirely 
air operated and housed in its own booth 
Air filtering, cylinder and air valve lubri- 
cation, and water trap ejector are all 


automatic. 
Circle 67 on Reader Service Card 


Portable Tester 


Model 902 Transist-O-Check portable 
battery-powered transistor tester has 
been announced by the Components Di- 
vision, Transistor Specialties, Inc. De- 
signed for simple and rapid testing of 
low and medium power transistors, the 
instrument checks D.C. beta, Icbo and 
Iceo, as well as the existence of collector- 
to-base and collector-to-emitter shorts. 
Tests are performed at a constant collec- 
tor voltage of 6 V and cover a beta range 
of 0 to 200, Icbo from 0 to 50 microam- 
peres and Iceo from 0 to 5 milliamperes. 

Circle 86 on Reader Service Card 


4-Stage Amplifier 

A 4-stage amplifier is available from 
Centralab. Measuring only 0.531” in diam- 
eter and 0.228” in height, including the 
hermetically sealed case, the unit con- 
tains 12 resistors, 5 capacitors, and 4 
transistors. The new unit, (upper right) 
known as the TA-12, has a gain of 73 to 
78 db at 1 KC with 1000 ohm load. Its 
nominal input impedance is 2000 ohms. 
Signal to noise ratio is 42 db below 1 volt. 
Supply voltage is from a 1.3 volt mercury 
cell; current drain is 2.1 milliamperes 
maximum. 

Circle 83 on Reader Service Card 


Indium Ingot 


Indium ingot in a range of ultra-high 
purities is available from High Purity 
Metals, Inc., for use in the manufacture 
of germanium transistors, diodes, recti- 


fiers and other industrial applications. 
Available in two ingot sizes: 10 troy oz. 
and 100 troy oz. Applications include low 
melting alloys, glass sealing alloys, solder 
alloys, dental alloys, electrical contact 
alloys, shielding material in nuclear 
work, oxide film resistors, thermistors, 
rectifiers, _photo-conductors, magnetic 
alloys, and chromium plating bath addi- 
tives. 
Circle 65 on Reader Service Card 


Silicon Diodes 


Designed to meet military specifica- 
tions, Type Numbers RD2121-RD2124 are 
ideal for very fast computer switching 
applications. These diodes recover to 
200K ohms in 0.2 microseconds and have 
a typical capacitance of 1.5 micro-micro- 
fared. These units are available in the 
standard subminiature glass package, 
from Rheem Semiconductor Corp. 

Circle 77 on Reader Service Card 


Silicon Rectifiers 


20-35 Amp., 60-600 P.I.V. Silicon Recti-. 


fiers which exhibit extremely 


stable | 


characteristics at high temperature are : 


available from Dallons Semiconductors. 


The units contain solders within their | 


construction which have a melting point 


in excess of 600°C. The 11/16” stud con-. 
struction houses a pure silver, heavy | 
spring lead anode assuring ruggedness | 
and high resistance to shock and vibra- 


tion. Electrical specifications show that 
these units have less than 5 ma reverse 
current and the maximum forward drop 
voltage at a test temperature of 25°C at 


20 Amps., D.C. is .65 Volts. 
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Ultrasonic Cleaning Unit 

National Ultrasonic Corporation an- 
nounces a new unit for use where aver- 
age ultrasonic energy is required. Model 
140 features a 7-gallon heavy gauge pol- 
ished stainless steel tank 1434” long, 1134” 
wide and 10” deep. 275% of the tank 
bottom is covered with crystals. Actual 
radiating surface is 48 square inches. The 
115-volt AC single-phase 60-cycle gener- 
ator delivers an average power output of 
250 watts and produces peaks of 1000 


watts. 
Circle 74 on Reader Service Card 


Transistorized Power Supply 

A well regulated de power supply de- 
signed primarily for transistor circuit 
work and other applications where recur- 
rent spikes and other transients would 
damage equipment under test is an- 
nounced by Solidyne. Voltage and cur- 
rent meters are provided for accurate 
setting of output voltage and continuous 
monitoring of load currents. Voltage out- 
put is adjustable from 5 to 35 volts with 
a maximum current of 2 amperes. Model 
PS 201 is approximately 14-pounds in 
weight and occupies less than a square 
foot of bench space. 
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VSWR Amplifier 


An improved version of the VSWR 
Amplifier has been introduced by Narda 
Microwave Corporation. Model 441B is 


- transistorized and battery-operated and 


has built-in provision to show the state 
of battery charge. Unit is supplied with 
nickel-cadmium batteries which recharge 
automatically when unit is plugged in. 
Bandwidth is 25-30 cps; the range is 72 db 
(60 db in 10 db steps, 11 db continuous). 
Attenuator accuracy is +0.1 db per step; 
+0.2 db maximum cumulative. Meter 
linearity is 1% of full scale. 
Circle 85 on Reader Service Card 


Transistor Test Set 


Model 1803 Transistor Parameter Test 
Set, manufactured by Dynatran Electron- 
ics Corporation is designed for the meas- 
urement of the small signal parameters 
of both NPN an PNP transistors. The test 
set measures the “h” parameters for both 
the grounded emitter and the grounded 
base connections with an accuracy of 3%. 
Collector leakage current “Ico” can be 
read over a wide range of values from 
less than 5 millimicroamperes to 1 milli- 
ampere. The instrument is completely 
self contained and requires no additional 
accessories or instruments. 

Circle 84 on Reader Service Card 
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silicon Transistor 


-) A new P-N-P alloyed silicon transistor 
With a guaranteed maximum 25°C Ico of 
muA at —12V is being offered by Crysta- 
wonics, Inc. Maximum Ico at 125°C is be- 
fow luA. The typical Ico value at 25°C 
fs 0.2muA, and 0.2uA at 125°C. The Beta 
pread is from 10 to 25. Maximum voltage 
trating is —25V. The unusually low Ico 
iis achieved by extremely clean manufac- 
turing conditions which also contribute 
© reliability of this transistor. 
Circle 79 on Reader Service Card 


| 
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iature Connectors 


' The Electronics Division of DeJur- 
‘Amsco Corporation has announced a 
group of miniature printed circuit con- 
mectors for printed tape cable or printed 
ircuit board applications. Two series are 
Mincluded in the group, and are designated 
1600-4PCSC-13 for the 13-contact unit and 
1600-7-1 for the 18-contact unit. Both con- 
ectors have a current rating of 3 amps 
and feature staggered placement of con- 
‘tacts to assure ease of wiring. 
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“Semiconductor Radiators 


Wakefield Engineering, Inc. announces 
fa new line of R-5000 Semiconductor Ra- 
diators. The range of the Series is 5 watts 
»to 100 watts dissipation ratings, with 
*forced convection. Available in copper or 
taluminum. A surface machined flat to 
within 0.0002” is provided for mounting 
» the semiconductors: transistors, rectifiers 
’ or zener diodes. Screw holes for mounting 
fany semiconductor type can be provided. 
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Rectifier Analyzer 


Wallson Associates, Inc. has announced 
a completely self-contained Dynamic 
+ Rectifier Test Set for incoming inspection, 
on-line testing and laboratory use. For- 
ward current and reverse voltage con- 
trols are independently adjustable. 
Known as the Model 138A, the forward 
current range of this unit is 0-1 and 0-5 
amperes D.C. average, with a reverse 
voltage peak of 0-1000. It measures a for- 
ward drop range of 0-1/5 volts and a 
reverse current range of 0, .05, .5, 5, 50 ma 
average. 
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| Low Wattage Soldering Iron 


M. M. Newman Corp., pen-shaped PRE- 
CISION Miniature Soldering Iron meas- 
ures 614” long and operates on 110-115 
volts without a transformer. It has a 50 
megohm insulation between element and 
tip, ideal for use around semiconductors. 
Heat-up time required is about 45 sec- 
onds and a sealed element maintains con- 
stant temperature at approximately 626°F. 
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“7 PRODUC-TEMP 


aimed toward 


more efficient 


performance of 


electronic components 


Newly developed | “ : 


for testing S 


SEMICONDUCTOR COMPONENTS 


The new Produc-Temp Bath 
answers today’s need for more crit- 


ical equipment to test component ie et is LABLINE 
reliability. Ten separate thermistor 

controls in the Produc-Temp Bath LABLINE, Inc. 
maintain variable temperatures 3070-82 W. Grand Ave., Chicago 22, Ill. 
within +0.1°C. Bath temperatures naan 

can be kept constant or varied from , oi 
100°C to —55°C. While fluid is ues i 
agitated, test materials can be im- Firm 

mersed and rotated in all possible Address 

planes. Mail coupon today. City eee ee 


Ask your dealer or 
write today for Bulletin 31.5-Z 
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CONFERENCE CALENDAR 


The Following March 1960 Meetings 
Are Scheduled: 


Proven Reliability for all Applications March 4-5 American Physical 
Society, Rice Insti- 
tute, Houston, Texas. 
Sponsored by Ameri- 
can Institute of Phy- 
Sics. 


Medium and High 
Speed Switching 
Tramsisters 

(Computer) 


Smail Sigeal 
Audio 2nd Low 
Speed Switching 
Traasisters 


Extended Audio 


US Transistor’s complete range of commercial and 


and Medium 
Speed Switching 
Transistors 


industrial transistors are applicable for every pur- 
pose. Separately designed series offer the charac- 


teristics that will suit your individual requirements. March 9-11 Temperature Meas- 
urement Symposium, 
Deshler-Hilton Hotel, 


All the transistors listed in the adjoining table 


2N1316 
2N1317 = 2N1356 


have welded hermetic seals and meet or exceed eee 


Columbus, Ohio. 
mechanical and environmental requirements. . Sponsored: hy Sina 
Write today for engineering data sheets or personal ment Society of 
application assistance. yeas eyed 
U.S. TRANSISTOR CORP. ; 
149 Eileen Way, Syosset, L. I, N. Y. © WAlnut 1-5800 March 16-18 Electronic Industries 
Association Spring 


Conference, Statler- 
Hilton Hotel, Wash- 
ington, D. C. 


B N D V L M 3 March 21-24 IRE International 
Convention, Coliseum 


& Waldorf-Astoria 
Hotel, New York 
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Proceedings of the 2nd Conference City. Sponsored by all 
epee ; PQ@’s. For Informa- 
on Nuclear Radiation Effects on Semiconductor tion: Gordon K. Teal, 


Chairman, 1960 Tech- 
nical Program Com- 
mittee, IRE, 1 East 
Limited Edition of this Once-A-Year Event! 79th Street, New 
York 21, N. Y. 


Devices, Materials and Circuits. 


AVOID DISAPPOINTMENT—ORDER YOUR COPIES NOW! Contains 23 
sf March 24-25 ist National Sympo- 
Papers, Complete With Illustrations, by the Foremost Authorities in the Field. sium on Human Fac- 


Don't Miss Out on This Invaluable Information—Only $4.50 a Copy. tors in Electronics, 
Bell Telephone Labo- 
ratories Auditorium, 


enlace telltale att Teel Pattee 463 West Street, New 

' SEMICONDUCTOR PRODUCTS, DEPT. MG Se prety nero 

1 300 West 43rd Street 1 a Ren nee SS 

- ormation: Robert R. 

New York 36, N. Y. Riesz, Bell Telephone 

; e.! 1 Laboratories, Murray 

rie” Seivell Bane copylies) of ‘Proceedings’ @ Remittance Enclosed .... Bill Company .... ! Hill, N. J 

; $4.50 each. Bill me .... 1 ie 

' 1 

; CTUEY © Sortie atic. chet catee ec hor CRAs ce caren, te Company ese. cat abe site eee ines AR Scientific Apparatus 

ie aerate ese annals: Ilui ComPQRY I 5 a0: heron eeN ese Makers Association, 

' AddresSitenttssci-pemin eccicie nici. ac ate as hohe tis Address ie cer ocnetee eee Ce ane tenon Aree ! Annual Meeting, Boca 

‘ 1 Raton Hotel, Boca 
LE conbio.g oka ON ONE Seen teva. srrrorea's i one .. : Bt 

aH New York eee add aan tax es as ‘ Sear ac 1 Raton, Florida. 
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Useful applications: 


@ Analyzing “Freon” and Sulfur 
Dioxide refrigerants. 

@ Continuous or batch analyses 
of moisture in a wide variety 
of gas streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 

@ Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 
Available in portable, weather- 
proof, explosion-proof, auto- 


matic control and recording 
units. 


All Model W analyzers include flow indicators 
Write for complete information 


MANUFACTURERS ENGINEERING 


& EQUIPMENT CORP. 
10 Sunset Lane, Hatboro, Pa. 
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MODEL W ELECTROLYTIC 
MOISTURE ANALYZER 
Vacuum connected unit with 
adjustable alarm 


Precision Control up to 5000°F 


Model 
CT-312 


Carbon-Resistor Type TUBE FURNACE 


Developed to meet the demands of both industry and military. 
Suited for investigations in the ultra-high (3500°-5000° F ) tempera- 
ture ranges in the field of either metallurgy or ceramics. Wide range 
of ‘‘turn-down” insures very accurate results. May also be duplicated 
repeatedly. Capabie of holding to plus or minus 


20° F. at 5000° F. Choice of extremely rapid or Standard or Spe- 


any slower cycle heat-up; close control of both elal Furnaces or 
temperature and power input; full-range, FAIL- Kilns from 450° 
SAFE, safety devices; and easy, low-cost element F. to 5000° F. 


replacement. 


Write for Bulletin 


PERENY EQUIPMENT CO., INC. 
Columbus 12, Ohio 


Dept. M, 893 Chambers Rd. 
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KU LIC KE and SOFFA MANUFACTURING COMPANY 


1234 Callowhil! Street 


Philadelphia 23, Pennsylvania 


DESIGNERS AND MANUFACTURERS OF 


@ Thermocompression Bonding Instruments 


@® Wafer Bonding Instruments 


@® Crystal Scribers 


@ Precision Micropositioners; Micrometer and Single Control Type 


@ Two-side Crystal Lappers 
@ Sapphire Bonding Tools 


For Further Information Call or Write 


KULICKE & SOFFA MFG. CO. 
ALBERT SOFFA, PRESIDENT 
WaAlnut 5-4061 
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Ceramic Metallizing 
Sintering 

Silicon Depositing and 
Diffusing 

Heat Treating Exotic Metals 


A Compact, Economical-to-Operate 
Unit featuring molybdenum-wound * 
elements .. . the Hayes Type M-Y 
Furnace is ideal for high-tempera- 
- ture, close-tolerance work requiring 
uniform heats from 2700° to the 
3300° F. range. 


For Research or Production, versa- 
tile Hayes Type M-Y furnace is «, 
ready-built for a variety of reduc- :> 
ing, non-oxidizing, or inert atmos- ;° 
pheres . . . dry forming gas, disso- 
ciated ammonia, hydrogen, nitro- 
-. gen, orargon. M-Y features include: 
‘s (1) moly-wound muffle for maxi- 
= mum length of temp. uniformity, 
:. (2) water-jacketed cooling sections 


HAYES TYPE 
M-Y ‘MOLY’ FURNACE 


with precise temp. regulators for 
optimum control of atmosphere 
cooling, (3) extended insulated 
throat areas to minimize thermal 
shock, (4) special atmosphere °- 
arrangements to obviate atmosphere :; 
contamination, and (5) automatic + 
feed mechanisms. 


Results Guaranteed! The Hayes 
answer to your high-temperature 
heat treating problem — whether it 
involves ceramics, electronics, or # 
metallurgy — includes customized = 
techniques, correct placing and fix- 
turing of work, proper atmosphere 
selection, and precise time-tempera- 
ture cycles. To improve your prod- 
uct, increase production, and reduce 
costs, do it the Hayes way. 


WRITE for M-Y 
Furnace BULLETIN 
5805 today. 


C. I. HAYES, inc. 


847 Wellington Avenue * Cranston 10, R. |. 
Established 1905 
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Market News 


Sales 


The Electronic Industries Association 
has reported the factory sales of transis- 
tors for the first ten. months of 1959 as 
being approximately 85% more in volume 
and over 110% in dollar value above the 
same period in 1958. 


Units Value 
1958 35,982,123 $ 83,692,052 
1959 66,621,426 $176,447,266 
The Electronic Production Resources 


Agency has reported a tremendous in- 
crease in the sale of military transistors 
during the first six months of 1959. The 
Department of Defense spent $37,190,000 
for the first half of 1959 which alone al- 
most equals the $41,300,000 military tran- 
sistor sales for the entire year of 1958. 


The United States Department of Com- 
merce has reported that the exports of 
semiconductors for the first nine months 
of 1959 was $6,461,000 which was almost 
12% above the $5,772,000 exported during 
the same period in 1958. 


The Federal Government’s Electronic 
Resources Development Agency has 
planned the military transistor require- 
ments up to the end of 1961. It expects 
production of 38 million units worth an 
estimated $210 million. 


Philco Corporation and CBS Electronics 
have signed a cross-license agreement 
covering the manufacture and sale of 
semiconductors. 


Prices 


Texas Instruments Inc., has introduced 
two new silicon mesa transistors which 
are said to be capable of a minimum 
power output of 500 mw at 70 mc. The 
2N715 sells for $32.50 each in quantities of 
100 to 999 and the 2N716 in the same quan- 
tities for $42.25 ea. The company also is 
marketing a line of fast switching, high 
voltage silicon mesa diodes that are ex- 
pected to have application in the com- 
puter industry. The price of their 1N914 is 
$6.00 in quantities up to 99 and $4.50 in 
quantities from 100 to 999. Similarly type 
1N916 is $8.04 and $6.02 depending on the 
quantity. 


Hughes Aircraft Corp., has announced 
price reduction of up to 10% on all PNP 
fused junction transistors. The 2N1228 to 
1234 line was formerly $25.50 each in lots 


of 100 to 999 and now the price average 
is $23.00. 


Microwave Associates, Burlington Mass., 
is producing a 1N630 tripolar coaxial 
diode for use in microwave video re- 
ceivers to sell for $46.55 each in quantities 
of 1-9. Their reversed polarity Si diodes 
MA-450A through MA-450E intended for 
use in low-noise parametric amplifiers, 
single sideband modulators and RF limi- 
ters are priced in quantities 1-9 at 


MA-450A to C at $ 30.00 each 
MA-450D to C at $ 75.00 each 
MA-450E to C at $135.00 each 


Bendix Aviation Corp., Red Bank, N.J., 
Division, is marketing a 2Ni011 military 
type switching transistor priced at $10.50 


each in quantities up to 99 for the mili- 
tary. 


YOUR SEMICONDUCTORS 


Manufactured to the highest 
standard of Purity, Homogeneity, 
Repeatability and Reliability. 

e Doped Gold Alloys 

e 99.999 Aluminum and Alloys 


e Heavy Buildup of Tin, In- 
dium and Alloys on Base 


Metal Wire 
e 99.999 Gold to as small as 
.0004 


e Wollaston Wire 


The closest tolerances held on all 
physical and electrical properties. 


Write for data on your specific needs. 


SECON METALS CORP. econ) 


J Intervale St., White Plains, N.Y. 
WHite Plains 9-4757— 
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NEW SERVICE 
NOW AVAILABLE 


Beginning with this issue, the sales depart- 
ment of SEMICONDUCTOR PRODUCTS is 
making a new source of information ayail- 
able to all firms interested in being kept 
up to date on materials or equipment for 
producing semiconductor devices. If you 
wish to receive all new literature on silicon, 
germanium, chemicals, machinery, or other 
such materials, circle #99 on the reader- 
service card. Your name will be placed on 
a special list which will be forwarded to all 
such suppliers. As these suppliers have news 
available in their field, you'll be notified by 
them immediately. This service is restricted 
to firms manufacturing semiconductor de- 
vices or firms contemplating entering into 


production within 120 days. 
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General Electric has samples of a new 


4 1000mc germanium tunnel diode for re- 
* search laboratories and equipment man- 


ufacturers. The price has been set at 
$60.00 each. 


Crystalonics Inc., Cambridge, Mass., has 


] priced their symmetrical Si PNP bilateral 
4 switching unit C101-3 and their PNP al- 


loyed Si unit C112, all with a claimed cut- 


4 off level of about 0.8 mc, as follows in 


quantities of 100 


Type Beta Range Price each 
C101 minimum of 6 $14.40 
C102 minimum of 10 $19.80 
C103 minimum of 15 $31.50 
C112 spread from 10-25 $22.00 

- Expansion 


Fairchild Semiconductor Corp., Moun- 
tain View, Cal., has leased a 10 acre site 
at the outskirts of San Rafael, Cal., on 
which they plan to erect a 50,000 square 
foot diode manufacturing plant. The new 
plant is expected to be in operation by 
June 1960. Until that time Fairchild will 
immediately initiate its diode production 
program in leased quarters in San Rafael. 


North American Electronics, Inc., Lynn, 


. Mass., manufacturers of silicon diodes, has 
+ moved its plant and office facilities to a 


26,000 sq: ft. area which they have leased. 


Suppliers 


Intertron Inc., Scranton, Pa., is produc- 
ing transistor bases with glass to metal 
hermetic seals. 


Financial 


Erie Resistor Corp., has declared a 4% 
stock dividend to holders of common 
stock. The 1959 total dividend was 10¢ 
eash plus 4% stock as against 15¢ and 4% 
stock in 1958. 


Britton Electronics Corp., Queens Vil- 
lage, L.I., N.Y. a semiconductor firm, is 
expecting to offer 225,000 shares of com- 
mon stock at $1.00 a share. Proceeds will 
be used to finance expansion into the sili- 
con rectifier and transistor field. 


Bendix Aviation Corporation has re- 
ported a net income for the fiscal year 
ending Sept. 20, 1959 of $27,400,000 or 
$5.37 a share. These earnings were 29% 
higher than the previous year’s net in- 
come of $21,171,902 or $4.18 a share. The 
company reported that over 40% of the 
Corporation’s output was electronic in 
character. 


Distribution 


National Semiconductor Corp., Dan- 
bury, Conn., has appointed Milgray Elec- 
tronics as the first exclusive distributor 
for their transistors. 


The Semiconductor Division of Syl- 
vania Electric Products Inc., has opened 
a new sales office in Wilmington, Mass., 
to serve the New England area. 


Semiconductor Division of Hoffman 
Electronics Corp., has relocated two of its 
West Coast sales offices. The Los Angeles 
area sales office has been moved to the 
firm’s new West Coast manufacturing and 
research plant in El Monte, Cal. The San 
Francisco area sales office is now located 
in San Carlos, Cal. 


(continued) 
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W. T. Hudson 
Dept. 201-SC 
; 1141 E. Jersey st.! 
§ Elizabeth, N. J. 4 


e: a challenging opportunity with an industry leader 


Now take advantage of maximum professional growth at 
Texas Instruments by participating in development of the 
most advanced semiconductor-component devices. Working 
with the newest facilities, take part in: 


e DEVICE DEVELOPEMENT Development of new devices by studies 
in solid-state diffusion, alloying of metals and semiconduc- 
tors, vacuum deposition of metals, surface chemistry, and 
solid state physical measurements. 


e SURFACE STUDIES Surface reactions and surface energy 
phenomena on silicon and germanium. 


e ADVANCED COMPONENT DESIGN Development of new compo- 
nents by studies of deposition of thin films, electrolytic 
studies such as anodic oxidation rates and film structures. 


e NUCLEAR RADIATION experiments on semiconductor materials 
and devices. 


With TI... receive liberal company-paid benefits, including 
profit sharing (over last several years, an average of more 
than 12% of base salary) ...enjoy premium living in a 
moderate climate with excellent neighborhoods, schools and 
shopping facilities ... work in a plant selected as one of the 
10 outstanding U. S. industrial buildings of 1958. 


Interviews will be held in your area soon. If you have an 
Blectrical Engineering, Physical Chemistry or Physics de- 
gree and experience in semiconductor or related development 
areas, please send a resume to: 


C. A. Besio, Dept. 201-SC 


oO 


TEXAS i INSTRUMENTS 


INCORPORATED 
SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 « DALLAS. TEXAS 


e FEBRUARY 
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Statistical 
Quality Control 
assures specified size, 
color, density, uniformity 


Shown above are representative 
glass sealing preforms, pro- 
duced by Glass Beads Corpora- 
tion. Beads of required geome- 
try and controlled density are 
made in a wide variety of sizes, 
colors and styles for both match- 
ing-coefficient and compression- 
type seals. Specially designed, 
modern facilities and_ skilled 
personnel assure prompt serv- 
ice, highest quality and depend- 
able uniformity. Send drawings 
for quotation. 


GLASS BEADS 
CORPORATION 


P. O. Box A- 266 Latrobe, Pennsylvania 


Phone: Latrobe, Keystone 9-1592 
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Market News 
(continued) 


Contracts 


--- Microwave Associates Inc., North- 
west IndustrialPark, Burlington, Mass. 

Semiconductor Device: Type 1N23C, 
MIL-E-1/295B and MIL-E-1D, QPL, N126- 
092164 (IFB 126-326-60) - - - 34810 
ea. - - - $27500 


Hoffman Semiconductor Division, Hoff- 
man, Electronics Corp., Evanston, IIL. 

Semiconductor Device, Diode. Contract 
No. 86204 (PR No. SC-36-039-60-10620- 
B1 (05202-PP-60-B1-51) - - - 1456 ea. 
$42115 


- - - Transitron Electronic Corp., Wake- 
field, Mass. 

Semiconductor Device, Diode: JANIN251 
--- Various Quantities - -- Contract No. 
86208 (PR No. SC-36-093-60-10619-B1) 
(05209-PP-60-B1-B1) - - - $33942 


Texas Instruments Inc., Dallas, Tex., 
$23,764.02 for 1 item of transistors, type 
2N335, IFB-534 


Philco Corp., Lansdale, Pa., $5,600 for 
1 itme of transistors. IFB-522 


A split award to Philco Corp., Lansdale, 
Pa., $8,027.50 for 1 item of transistors; 
General Electric Co., Liverpool, N.Y., 
$660.00 for 1 item; Sylvania Electric 
Prods., Woburn, Mass., $85.00 for 1 item 
IFB-389,closed Oct. 29. 


BACK ISSUES 


AVAILABLE 


75¢ each 
1958—Jan/Feb; March/April; 


May/June; Nov/Dec. 


1959—March, May, June 


July, Aug, Sept, Nov, Dec. 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 


300 W. 43 St. New York, N.Y. 


WALLSON 


20 AMPERE 


DYNAMIC 
RECTIFIER 
ANALYZER 


Model 141A* 


FOR 


e INCOMING INSPECTION 
e ON-LINE INSPECTION 
e LABORATORY USE 


This dynamic rectifier test set, with in- 
dependent forward current and reverse volt- 
age controls, is completely self-contained 
and measures average forward voltage 
drop and reverse current of any type of 
semi-conductor rectifier rated to 20 am- 
peres forward current and 1000 volts 
PIV., in accordance with proposed JEDEC, 
specifications. 


OTHER WALLSON PRODUCTS 
e Automatic High Vacuum Exhaust 
Equipment 
e TWT Power Supplies 
e Dynamic & Life Test Equipment for 


Semi-conductor Rectifiers with Ratings 
up to 500 Amperes and 2500 Volts 


Wallson also produces a 
5 Ampere Rectifier Analyzer 
*suRGE TEST UNIT AVAILABLE 


WRITE TODAY 


For Free Descriptive Literature 


WALLSON 


A’S'S Oo GIA ES | GNGGe 
912-914 WESTFIELD AVE, 
ELIZABETH, NEW JERSEY 

Flanders 1-0700 
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Here are 


SILICON 
SLICES 


more consistent 
than any others 


When you come right down toit,in order 
to get good device yields, consistency is 
just about the most important charac- 
teristic of Silicon single crystal slices. 
And consistency can only be assured 
when you are able to trace the genesis 
of every slice (even production lots) all 
the way back to original raw materials. 

This you can do with the above slices. 
They’re from Allegheny—the only com- 
pany now operating a completely inte- 
grated silicon production facility. Natu- 
rally, since we start from raw materials, 
we can also supply bulk, billets, rods, 
doping alloys, seeds or whatever special 
forms you might need. 

And the slices? They come from verti- 
cally pulled or float zoned crystals doped 
to range with 99.999% group III and/or 
V elements. You get them in standard 
thicknesses from .005” to .020”, with di- 
ameters from 1/10 to 1-1/2 inches. Lap- 
ping we do to your specs, preparing for 
diffusion if you wish. Otherwise, your 
slices are etched, cleaned and dried — 
ready for use when you get them. 

Isn’t now the right time to get all the 
facts? 

Allegheny Electronic Chemicals Co. 
207 Hooker-Fulton Bldg., Bradford, Pa. 


weer: 


ALLE GHENY 


NI ‘CHEMICALS co. 


Producers of semiconducting materials for 
the electronics industry 


£ 
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+ Se 
Industry News 


(from page 62) 


The National Bureau of Standards 
has decided to follow the recom- 
mendations . of the International 
Committee on Weights and Measures 
to use new prefixes for denoting 
multiples and sub-multiples of units. 
The Committee adopted the prefixes 
at its meeting in Paris in the fall of 
1958. In addition to the 8 numerical 
prefixes in common use, which are 
given in the table below, the Com- 
mittee expanded the list by adding 
the 4 prefixes marked with an 
asterisk. Thus, for example, 10°12 
farad is called 1 picofarad, and is 
abbreviated 1 pf. 


MULTIPLES AND PRE- SYM- PRO- 
SUB-MULTIPLES FIXES BOLS NUN- 
CIATION 
1 000 000 000 000 = 10" ~—i tera* AW ter’a 
1 000 000 000 = 10° giga* G ji'ga 
1 000 000 = 108 mega M 
1000=10% kilo k 
100 = 102 hecto h 
10=10 deka dk 
0.1=10- deci d 
0.01=10- centi c 
0.001 =10-° milli m 
0. 4 001=10-6 micro 4 
0.000 000 001—10-® nano* nn na‘no 
0.000 000 000 001 = 10-!2_ pico* p pi’co 


RESEARCH & DEVELOPMENT 


Sylvania Electric Products Inc. has 
raised the temperature capabilities 
(up to 150° C) of its full line of S 
and X-band microwave diodes, it has 
been announced by Roger A. Swan- 
son, product sales manager—micro- 
wave diodes, of the company’s Semi- 
conductor Division. 


Low cost production of ultrapurity 
hydrogen from dissociated ammonia 
is now possible with a Hydrogen 
Palladium Diffusion Purifier (U.S. 
Pat. No. 2,911,057) built by the 
Chemical Division of Engelhard In- 
dustries, Inc. Impurities are so low 
that they cannot be detected by any 
known methods of analysis, the firm 
claims. Potential applications for the 
equipment exist in the chemical in- 
dustry, petroleum and petrochemical 
processing, manufacture of semi- 
conductor devices and other elec- 
tronic components, and in the atomic 
energy field. 


SUBSCRIBE TO 
SEMICONDUCTOR PRODUCTS 
TODAY! 

USE CONVENIENT 
CARD AT REAR 
OF MAGAZINE 
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You’re guaranteed 
10° mm Hg 
_ fast with... 


THE MODULAR 
“400” SERIES 
4” VACUUM 
SYSTEMS & 
EVAPORATORS 


GUARANTEED PERFORMANCE: 
5 x 10° in 45 sec. 


Less than 5 x 107 ultimate 
(blanked port) 


5 x 10 in 4 min. 
Less than 10-6 ultimate 
(18” x 30” Bell Jar) 


MODULAR CONSTRUCTION: 


Buy exactly what you need, from 
basic plumbing to complete 
Evaporators and Bakeout Sys- 
tems. Incorporate additional 
equipment as your require- 
ments grow. 


TROUBLE-FREE PERFORMANCE: 


Each VE-400 System undergoes 
a full week (168 hrs.) of test run 
and inspection before shipment. 


FREE ‘‘400’’ SERIES BRO- 
CHURE contains complete 
performance data and de- 
sign specifications on the 
4” building block compo- 
nents and modular systems. 
Write Department A-1436. 


iz, VEECO 
CECO) VACUUM 


CORP. 


86-C Denton Avenue, New Hyde Park 
Long Island, New York 


HIGH VACUUM & LEAK DETECTION EQUIPMENT 


VISiT OUR BOOTH NOS. 3001 & 3002 
IRE SHOW, N.Y.C. 
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ecosvseveeeeeeeeee & @ 
for maximum reliability 


PREVENT 
THERMAL 
RUNAWAY 


Prevent excessive heat from 
causing “thermal runaway” in ; 
power diodes by maintaining WI t h N EW 
collector junction temperatures ae ea TE 
at, or below, levels recommended 
by manufacturers, through the B | RTC H E R 
use of new Birtcher Diode 
Radiators. Cooling by conduction, -D f O DD -E 
convection and radiation, 
Birtcher Diode Radiators are 
inexpensive and easy to instal] in FR A D f ATO Fe S 
new or existing equipment. 
To fit all popularly used 
power diodes. 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU- 
TORS. THEY ARE AVAILABLE ONLY FROM 
THE BIRTCHER CORPORATION AND THEIR 


FOR CATALOG SALES REPRESENTATIVES. 
and THE BIRTCHER CORPORATION 
GE i aes industrial division 


4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 
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NEWARK’S NEW 
—Afiandustriat 7. 7 
ELECTRONIC 
CATALOG NO. 70 


Semi-Conductor Headquarters for 
Industry at Quantity Prices 
Competitive with Manufacturers 


Audio Devices @ CBS ¢ General Transistor 

e General Instrument ¢ General Electric 

e Hoffman ¢ Hughes e Motorola ¢ Philco 

e Raytheon © RCA @ Sylvania ¢ Ohmite 

e Sarkes Tarzian e Texas Instruments 
e International Rectifier 


Your One-Point Source for All Your Electronic Needs 


ELECTRONICS CORPORATION 
Formerly NEWARK ELECTRIC CO. 


Circle No. 39 on Reader Ser ce 


New 
Literature 


General Chemical Division of Allied 
Chemical has issued an excellent color 
brochure on their Baker & Adamson 
Products. “Electronic Grade Chemicals: 
for the Electronic Industry” gives specifi- 
cations for “Electronic Grade” chemicals 
for the production of semiconductors 
Contains photos and descriptive informa- 
tion, as well as a list of General Chemicai 
sales offices throughout the country. 
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Available from Alda Plastics is a folder 
describing their plastic fabrication facili- 
ties. These include machining, forming, 
bending, welding, silk-screening and en- 
graving to exact specifications in the en- 
gineering and _ electronics industries. 
Specialists in short runs, graphic flow 
panels, industrial models, housings. 
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Available from Bendix Aviation Corp. 
Semiconductor Division are data sheets 
on their newly-improved 2N1031, A, B, C 
and 2N1032, A, B, C power transistor 
series, and on their new military-type 
transistor, 2N1120, designed to meet speci- 
fication MIL-T-19500/68 (Sig. C). 
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A catalog sheet describing their new 300 
Series Transistorized Digital Systems 
Modules has been issued by Navigation 
Computer Corp. These new card mod- 
ules have been designed with the system 
in mind; utilizing the latest techniques 
in printed circuit packaging. 
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Technical Bulletin P-5a—“Miniaturized 
Printed Circuits” is available from Photo- 
circuits Corporation. Contains clear, con- 
cise and complete information on how the 
elimination of “lands” or pads around 
plated-thru holes permits substantial size 
reduction of printed circuit boards and 
greater component densities. It describes 
how the barrels of the holes are used for 
solder joints without sacrifice of reli- 
ability, repairability, pull strength or in- 
sulation resistance. 
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A new data sheet on RF chokes is 
available from Essex Electronics, Division 
of Nytronics, Inc. The new RF Chokes, 
called Wee-Ductors, are so small that 
200,000 can be packed to a cubic foot. The 
data sheet contains a detailed description 
of the electrical parameters for the com- 
plete line. 
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A bulletin describing and illustrating 
the SIE Airborne Transistorized Power 
Supplies, Models TPC-18A and 19A, in- 
cludes applications, schematic drawing 
and specifications. Products are designed 
for direct, plug-in replacement of D-10A 

(Continued on page 70) 
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Friend of ours who always at- 
tends the sessions in the lec- 
ture halls, starts on the Fourth 
Floor with Production Items... 
and works his way down to 
_ Components on the First Floor. 
/ Says his feet tell him it's easier 
| to come down than to go up! 
And he never misses a trick 
this way. Sounds like good en- 
gineering logic. Why don’t 
you join him this year... and 
see if it doesn't work for you! 


NEW IDEAS 
RADIO-ELECTRONICS 


- 1960! 


Year after year, the IRE NATIONAL CONVEN- 
TION AND RADIO ENGINEERING SHOW 
gets bigger! That’s because you and your gigantic 
radio-electronics industry are surging ahead with 
NEW IDEAS and remarkable speed to make the 
Space Age the most exciting time in which to live. 

That’s why it takes all 4 floors of New York’s 
great Coliseum to show what your industry is doing. 
Takes 950 exhibitors...takes over 200 papers... 
takes over 60,000 of your co-workers to view the 
impressive sight. 

If you’re not at the IRE CONVENTION AND 
SHOW this year you’ll miss a once-a-year oppor- 
tunity unequalled in your industry to see progress 
in action. Plan to be at the Coliseum to see...to 
hear about...the NEW IDEAS IN RADIO- 
ELECTRONICS, 1960! 


215 ST. JAMES ST. W., MONTREAL 1, QUEBEC, CANADA 


(.):2¢ 


Show Manager 


TADANAC|BRAND 


Special Research Grade 


ANTIMONY 


TADANAC Brand Special Research Grade 
antimony is primarily developed for pro- 
duction of intermetallic compounds such as 
indium and aluminum antimonides. No 
individual impurity exceeds 0.1 ppm. and 
shipments can be made from sections of zone 
refined bars. These bars contain large 
crystals and have a very low oxygen content. 

Other TADANAC Brand high purity 
metals or compounds include Special Research 
Grade indium and tin, High Purity Grade 
bismuth, cadmium, indium, lead, silver, tin, 
zine, and indium antimonide. Send for our 
brochure on TADANAC Brand High 
Purity Metals. 


COMINC? 


THE CONSOLIDATED MINING AND SMELTING COMPANY OF CANADA LIMITED 


0161 
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and The RADIO ENGINEERING SHOW 


PHONE AVenue 8-3103 


The IRE NATIONAL CONVENTION 
Waldorf-Astoria Hotel 


Coliseum, New York City 


MARCH 21, 22, 23, 24 


The Institute of Radio Engineers 
1 East 79th St., New York 21, N. Y. 


KANTHAL ceramic tube elements 

World renowned Kanthal A-1 alloy (Fe, Cr, Co, Al) 
ceramic embedded in six, standatd. ready-to-mount 
sizes for intermittent temperatures to 2460°F: 


Type Rating Volts Resist- Inside *Heating List 
No. Max. Max. ance Dia. Length Price 


REH-4-30 800 W. 0.26 1-9/16" 7-7/8" $32.94 
REH-4-60 1200 W. 0.65 1-9/16" 19-3/4" $54.32 
REH-7-30 1200 W. 0.44 2-3/4" 7-7/8" $38.21 
REH-7-60 1800 W. 1.05 2-3/4" 19-3/4" $73.47 
REH-10-30 1800 W. 0.59 4” 7-7/8" $39.61 
REH-10-60 2500 W. 1.44 4” 19-3/4" $76.48 


* Std. units can be arranged in series to provide a variety 
of heating lengths. 
Ceramic mounting parts for above elements as well 
as complete laboratory furnaces also available. 
Write for brochures. 


19 Amelia Pl., Stamford, Conn. 
Can. Rep., Ferro Enamels, Ont., Can. 
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CorMac 
SPECIALTY SEALS 


precision-made to 
your specifications 


High-temperature 
specialty seals 
vacuum-tight, shock- 
and vibration-proof 


A competent, dependable source 
for custom seals is CerMac 
(Ceramic-Metal Assemblies Cor- 
poration). Here experienced and 
skilled personnel employ modern 
precision manufacturing facili- 
ties to produce hermetic seals 
and other metallized ceramic 
assemblies of highest quality 
with prompt deliveries. Send 
drawings for quotations. 
Representatives in principal cities 


SHAW INSTRUMENT 
CORPORATION 


Successor to 
CERAMIC-METAL ASSEMBLIES CORP. 
P.O. Box A-328 Latrobe, Pennsylvania 
Phone: Latrobe, Keystone 9-1757 


Circle No. 43 on Reader Service Curd 


70 


New Literature 
(from page 68) 


dynamotors as the power supply for air- 
craft communications and navigation re- 
ceivers, using a transistor multi-vibrator 
circuit to deliver voltage at high efficiency 
with good regulation and provide pro- 
tection against overload or short-circuit. 
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Tempo Instrument Incorporated offers 
Engineering Bulletin 5905, an 8-page il- 
lustrated catalog containing complete 
technical data on the company’s line of 
Electronic Time Delay Relays. Bulletin 
includes a comprehensive description of 
circuit design, manufacturing and as- 
sembly process, standard and special type 
specifications, and detailed data on sizes, 
available mounting arrangements, weights 
and terminal styles. 
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An eleven page Bulletin No. 102 entitled 
“Large Single Metal Crystals,” which 
describes standard specimens as well as 
unusual shapes and special crystal ori- 
entations, is available from Flow Corpo- 
ration. A large number of randomly ori- 
ented single metal crystal specimens in 
aluminum, cadmium, copper, lead, nickel, 
silver, tin and zine are now available for 
immediate delivery in many standard 
sizes and shapes. 
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Electronic Research Associates, Inc., 
announces the availability of a catalog 
sheet which describes the company’s 
Zener Voltage Tester, Model DT100. The 
sheet provides full descriptive informa- 
tion on the unit, specification data, and 
current pricing information. 
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The new line of Radio Receptor sele- 
nium rectifier “Flats,” is described in an 
8-page brochure presenting the basic rec- 
tifier information, product description, 
and methods of selecting the right recti- 
fier for a circuit. Prices are also included 
in the bulletin. Designed primarily for 
applications in the electronic, entertain- 
ment, and special products fields, they are 
available in all circuit types from 15 to 
600 volts and can be operated into a re- 
sistive or capacitive load. 
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A brochure describing mechanical and 
air-operating clamps for holding masks 
and parts, and standard and special fix- 
tures used to speed up production in 
color decoration of mass produced prod- 
ucts, is offered by Conforming Matrix 
Corporation. 
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United States Dynamics Corporation, 
Industrial Equipment Division, announces 
the publication of new literature on its 
Dynadryer and Dyn-Oxo equipment. In- 
cludes general descriptions of operation, 
technical data, product applications, and 
a simplified customer questionnaire. The 
Dyn-Oxo Purifier provides for the cata- 
lytic combination of oxygen and hydro- 
gen with purification of a variety of 
gasses. The Dynadryer Automatic Air and 
Gas Dryer provides a continuous supply 
of clean, oil-free, dried air or other gasses 
automatically at a dewpoint of lower 
than —100°F. 
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CURRENT GOVERNOR 


Model CS 120 


for Constant Current 


e High Voltage Current Source 
© Peak Inverse Voltage Tester 
© Diode Life Test Unit 


pility 

lent St8 able ea atute 

y Excel “ program modulation Fea 
For testing and measurement of 
diodes, transistors, rectifiers, ther- 
mistors, electrophoresis, other cur- 
rent sensitive devices. 


e@ Current Range is 0.1ua to 10ma 
with 5 decade-digital in-line 
readout 

e Regulation 0.05% 

e@ 0-2250 volts 


In use by leading companies for diode PIV 
test, diode life test, dynamic impedance test. 
Literature describing this and other 


constant current sources from 0.1ua to 
80 amp. may be obtained from 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, N.Y. Ploneer 7-0555 
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SEMICONDUCTORS 


SALES 


SPECIALISTS 


NATIONWIDE SERVICE 


Send Resume in Complete 


| 

| 

| 

! 

| 

i 

| 

I 

[ 

l 

| 

| 

| 
Confidence to: ! 
DAN STEARNS | 
or 
FRANK STACY 
| 

I 

| 

| 

| 

I 

| 

I 

| 

| 

| 


Please indicate salary, location and level 
of responsibility desired. Current openings 


from 
SALES TRAINEES 
through 
SALES MANAGERS 
EMPLOYERS ASSUME FEES 
ELECTRONICS SALES DIVISION 


TOM McCALL & 
ASSOCIATES, INC. 


8 S. Dearborn Street 


Chicago 3, Ill. CEntral 6-6972 
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Send 
blueprint 
or samples 
for 
estimate 


WIRE 
FORMS 


and 


: METAL 
‘STAMPINGS 


We'll prove that our high 
speed production means 
lower unit costs for you! 


| You'll save two ways — (1) the ini- 
| tial low unit cost made possible by 
| high speed machines; (2) precision 
' and quality control guarantees accu- 
| rate parts and performance. 


| STRAIGHTENING AND CUTTING 
Perfect straight lengths to 12 feet. 
7 .0015 to .125 diameter. 


WIRE FORMS 
.0015 to .125 diameter. 


SMALL METAL STAMPINGS 
.0025 to .035 thickness. 
.062 to 3 inches wide. 


Specializing in production of parts 
for electronic, cathode ray tubes and 
transistors. 

Write for illustrated folder. 


ART WIRE AND STAMPING 
COMPANY 


29 Boyden Place, Newark, N.J. 
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A two-color four page folder has been 
prepared by Schweber Electronics to aid 
buyers and engineers in the selection of 
Fairchild Semiconductor diffused silicon 
mesa transistors. Complete application 
and performance characteristics are out- 
lined in a concise reference form. 
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A new 4-page, short-form catalog, il- 
lustrating their newly completed line of 
precision electronic welding equipment, 
is now available from Weldmatic Division 
of Unitek Corporation. It contains de- 
scriptions, design and performance fea- 
tures, prices, and illustrations of all 
Weldmatic stored-energy power supplies, 
column-mounted welding heads, and 
light-to-heavy-duty handpieces. Several 
typical set-ups are shown to illustrate 
the versatility of the equipment. 
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Bulletin Z-102, describing solder clad 
base tab stampings used in making ohmic 
junctions to germanium or silicon junc- 
tion transistors, is now available from 
Accurate Specialties Co., Inc. Com- 
pletely describes base tab stampings. An 
illustration depicts the cladding usually 
in a ratio of 6:1. A photo of typical 
stampings is also included. 
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Allied Radio Corporation announces the 
release of a new “Allied Connector Direc- 
tory.” Containing comprehensive listings 
of the most widely used electronic con- 
nectors, this 16-page directory is offered 
as a convenient buyer’s guide for manu- 
facturers, research labs, engineers, de- 
signers, etc. Alphabetically arranged 
by manufacturers, Amphenol, Cannon, 
Cinch-Jones, Harvey Hubbell, and Hart 
& Hegeman connectors are listed in nu- 
merical order for easy reference. 
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A bulletin on Fotoceram micro-module 
wafers is available from the Receiver 
Bulb Sales Department of Corning Glass 
Works. The tiny wafers are produced by 
chemically machining glass to “micro ac- 
curacy” from a photographic reduction, 
then converting it to a ceramic. The bul- 
letin says they are non-porous, dimen- 
sionally stable and shock resistant and 
that designs other than four patterns in 
stock can be produced economically “in 
a matter of days.” 
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A new 8-page booklet, describing the 
Cobehn Spray-Clean Technique, has been 
issued by Cobehn, Inc. The booklet de- 
scribes and illustrates how to achieve the 
ultimate in chemical cleanliness for such 
components as transistors, diodes, vac- 
uum tubes, jewel bearings, pivots, elec- 
trical contact points, miniature slip-ring 
assemblies, high fidelity transformers, 
dynamotor potentiometers, and other pre- 
cision parts in the electronic, electro- 
mechanical fields, 
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Electrical and mechanical data, per- 
formance characteristics, and product fea- 
tures concerning a new series of PNP 
silicon alloy transistors are treated com- 
prehensively in three technical bulletins 
available from National Semiconductor 
Corporation. The transistors designated 
by type numbers 2N1440, 2N1441, and 
2N1442, are in accordance with JEDEC 30. 
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IRGHILD 


SEMICONDUCTOR CORPORATION 
a 


The following Fairchild 
transistors are available from 
Stock for same day shipment 
in quantities up to 


1000 


pieces per type. 


Standard NPN: 2N696, 
2N697. High Voltage NPN: 
2N699, High Beta NPN: 
2N1420. Low Storage 
NPN- 2N1252, 2N/ 253. 
Standard PNP; 2N1131, 
2N1132. Mesd: 2N706. 


ELECTRONICS 


60 HERRICKS ROAD, 
TWX G-CY-NY-S80U 


At factory prices of course! 
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MINEOLA, L.1., N.Y. 
PIONEER 6-6520 


fet 


Fast-moving, new developments in semiconductor devices— many of them the 
work of Sylvania Semiconductor Division scientists and engineers—have created 
a stimulating climate which will keep you substantially ahead of the field. 
Vital new areas are now being probed where your abilities and talents can play 
an important part — with commensurate rewards and recognition for you. 


SEMICONDUCTOR DEVICE ENGINEERS 


Experienced in design, development or production engineer- 
ing, transistors, silicon devices, crystal diodes or rectifiers. 


MICROWAVE ENGINEERS 
Experienced in semiconductor device work or microwave 
circuit development. Microwave experience, even though not 
in devices, is acceptable. 

FIELD ENGINEERS 
To provide technical liaison between development and pro- 
duction engineers and customers who are electronic equip- 


ment manufacturers. Must have background in semiconduc- 
tors and communication circuitry. 


Please send your resume in confidence to: Mr. Arthur Sloane 


SEMICONDUCTOR DIVISION 


¥SYLVANIA 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 


100 Sylvan Road — Woburn, Mass. 


S important_ 
will keep__— 


Texas Instruments + Philco + RCA 
Hoffman + Hughes + General Electric 
Pacific Semi-Conductor - Sylvania 
Sarkes-Tarzian + International Rect. 
Raytheon - Motorola and others... 


same day delivery from stock 


Write for catalog and 
semi-conductor directory 
on your letterhead 


Phone: 
HAymarket I-6800 


TWX: CG-2898 


FASTEST SERVICE IN ELECTRONIC SUPPLY 


ALLIED RADIO 


our 39th year 100 N. Western Ave., Dept. 182-B 


— | EVO Chicago 86, Ill. 


ne order to Allied fills the whole bill 
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sood reasons for letting 


» KNAPIC grow your 


~ Silicon Crystals 


KNAPIC specializes in Silicon and Germanium Crystals 
or Semiconductor, Solar Cell and Infrared uses 


ajor manufacturers of semiconductor devices have found 


qaat Knapic Electro-Physics, Inc. can provide production 
uantities of highest quality silicon and germanium mono- 
rystals far quicker, more economically, and to much tighter 
pecifications than they can produce themselves. 


Dislocation density, Knapic silicon 
monocrystals grown by a modified 
Czochralski technique: Crystal 
diameter to ¥”—None; %” to %"— 
less than 10 per sq. cm.; %” to 
1%"—less than 100 per sq. cm.; 

1%" to 2” less than 1000 per sq. cm, 


‘he reason? Knapic Electro-Physics are specialists with ac- 
alerated experience in growing new materials to specification. 


Vhy not let us grow your crystals too? 


Check These Advantages 
tremely low dislocation densities. 
ght horizontal and vertical resistivity tolerances. 
ameters from 1/,” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10”. 
w Oxygen content 1x10!” per cc., 1x10'¢ for special Knapic small diameter material. 


ping subject to customer specification, usually boron for P type, phosphorous for N type. apic Electro -Phys ics Inc 
s) e 


fetimes: 1 to 15 ohm cm.—over 50 microseconds; 15 to 100 ohm cm.—over 100 micro- 
conds; 100 to 1000 ohm cm.—over 300 microseconds. Special Knapic small diameter 
aterial over 1000 microseconds. 936-938 Industrial Avenue, Palo Alto, California 


Specification Sheets Available Phone: DAvenport 1-5544 
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Also manufacturer of large diameter silicon and germanium lenses and cut domes for infrared use 


SOLID-ELECTROLYTE 


CAPACITORS 


complete ratings from SPRAGUE 


prompt delivery and 


This solid-electrolyte Tantale: 
Capacitor (shown 114 times actue 
size) is rated at 4.7 UF, 10 volt 
d-c, and is only Y%" in diamete 


Sprague, the pioneer in the production of 
solid-electrolyte tantalum electrolytic capac- 
itors, now offers prompt delivery on produc- 
tion quantities of all standard ratings. New 
expanded facilities end production delays in 
your assembly of minified transistor circuits. 


Typical of these Tantalex Capacitors is the 
Type 150D shown above. Its tiny sintered 
anode is impregnated with a solid, non- 
corrosive, semi-conductor material which can- 
not leak under any circumstance. It combines 
true miniaturization with electrical stability 
previously unobtainable in an electrolytic 
Capacitor of any type. 


Thermal coefficient of these Capacitors is 
sufficiently low and linear so that for the first 
time a circuit designer can think of an electro- 
lytic in terms of parts per million Capacitance 
change. Nominal value is +500 ppm/ °C. The 
Capacitor may be used without derating over 
a range from —80°C to +85°C, or to 125 °C 


by %" long. 


with appropriate derating, a temperature at 
which no other electrolytic has proved useful. 


Solid construction permits the Type 150D 
to withstand the severe shock and vibration 
encountered in missile and ballistic applica- 
tions. Hermetic sealing makes it completely 
immune to humid atmospheric conditions. 


Complete performance data covering the 
wide range of sizes and ratings are in Engi- 
neering Bulletin 3520C, available on letter- 
head request to the Technical Literature Sec- 
tion, Sprague Electric Company, 467 Marshall 
Street, North Adams, Massachusetts. 


KOK Ak 


DON’T FORGET!—Sprague also offers prompt 
delivery on production quantities of all other types 
of tantalum capacitors including tubular foil and 
sintered anode designs. For pilot quantities of 


popular ratings at factory prices, see your Sprague 
industrial distributor. 


SPRAGUE COMPONENTS: 


CAPACITORS e RESISTORS e MAGNETIC COMPONENTS « 


INTERFERENCE FILTERS e PULSE NETWORKS 


TRANSISTORS 
° HIGH TEMPERATURE MAGNET WIRE 


PRAGUE 


CERAMIC-BASE PRINTED NETWORKS e PACKAGED COMPONENT ASSEMBLIES 


the mark of reliability 
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